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Novel Compounds 

FIELD OF THE INVEOTION 

This-inventlon relates to polynucleotides, (herein referred to as "BASB232 
5 polynucleotide(s)"), polypq)tides encoded by them (referred to herein as "BASB232" or 
"BASB232 polypeptide(s)"), recombinant materials and methods for their production. In 
particular, the invention relates to immunogenic compositions and vaccines containing 
single polypeptide or nucleotides or advantageous combinations th^eof. lii another aspect of 
the invention, the invoation relates to methods for using such polypeptides and 
1 0 polynucleotides for the treatment or prevention of Bordetella infections. In a further aspect, 
the invention relates to diagnostic assays for detecting Bordetella infectioiL 

BACKGROUND OF THE INVENTION 

The bacterium Bordetella pertussis is tiie causative agent for whooping cough, a 
15 respiratory disease tiiat can be severe in iBdfants and young children. The clinical course 
of the disease is characterised by paroxysms of rapid coughs followed by inspiratory 
effort, often associated with a characteristic 'whooping' sound. In serious cases, oxygen 
deprivation can lead to brain damage, however the most common compUcation is 
secondary pneumonia. 

20 

Whooping cough is usually considered to be caused by B. pertussis ^ but occasionally B, 
parapertussis is isolated from patients with typical signs and symptoms of whooping 
cough. B. parapertussis infection is of lower frequency than B. pertussis with 5-10% of 
whooping cough being associated with B, parapertussis (Mertsola (1985) Eur J Clin 
25 Microbiol 4; 123; Lautrop (1971) Lancet 1(771 1) 1 195-1 198). B. parapertussis is 
associated with mild clinical symptoms which, combined with its serological cross- 
reactivity with B.pertussis, makes B. parapertussis difficult to diagnose. 

The first generation of vaccines against B. pertussis were whole cell vaccines, 
30 composed of whole killed bacteria. These were introduced in many countries in the 
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1950s and 1960s and were successfiil at reducing the incidence of whooping cough. A 
problCTQL with whole cell B. pertussis vaccines is the high level of reactogenicity 
associated with tihem. Acellular vaccmes containing purified B. pertussis proteins are 
less reactogenic and have been adopted for the vaccination programmes of many 
5 countries. Acellular vaccines typically containing pertussis toxin (FT), filamentous 
haemagglutinin (FHA) and quite often pertactin (PRN), are widely used and provide 
effective protection from the severity of whooping cough. 

Despite vaccination, whooping cough remains an endemic disease (Mooi et al (2001) 
10 Emerging Infectious Diseases 7; 526). Whooping cough has re-emerged in Australia, 
Canada and The Netherlands; countries with highly vaccinated populations. A 
con:q>arison of pre-vaccination strains with strains isolated recently, has shown antigenic 
drift, particularly in FT and PKN Olooi et al (1998) Infection and Immunity 66; 670). It 
is widely acknowledged that current vaccines protect against severe disease but do not 
15 eliminate Bordetella pertussis fix)m the body (Cherry et al (1998) Vaccine 16; 1901, 
Hewlett and Halperin (1998) Vaccine 16; 1899, Storsaeter et al (1998) Vaccine 16; 
1907). The defence mechanisms of Bordetella pertussis allow it to evade elimination 
fix>m the body, indicating that current vaccines do not completely disable these defence 
mechanisms. 

20 

Vaccination using whole cell B. pertussis vaccines (Pw), appeal^ to protect against B. 
parapertussis infection, probably due to the similarity of the two bacteria. B. 
parapertussis infection in unvaccinated infants may lead to severe and fatal 
complications, wh^eas in individuals vaccinated with Pw, a milder, often subclinical 
25 course of whoopmg cough is seeai (Long et al (1990) Pediatric Infect Dis J 9; 700). 
Theoretically, the introduction of acellular pertussis vaccines containing only two or 
three purified proteins could reduce the abiUty of vaccination to protect against B. 
parapertussis. 
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Accordingly, further improved acellular vaccines against whooping cough are required 



SUMMARY OF THE INVENTION 

The present invention relates to immunogenic compositions containing BASB232, in 
particular BASB232 polypq)tides and BASB232 polynucleotides, recombinant materials 

10 and methods for their production. In a further aspect, the invention relates to combination of 
polypeptides and nucleotides that interact advantageously in the prevention or treatment of 
microbial disease. In another aspect, the invention relates to methods for Using such 
polypeptides, polynucleotides and combinations, including prevention and treatment of 
Bordetella diseases, amongst others. In a further aspect, the invention relates to diagnostic 

IS assays for detecting diseases associated with microbial infections and conditions associated 
with such infections, such as assays for detecting expression or activity of BASB232 
polynucleotides or polypeptides. 

Various changes and modifications within the spirit and scope of the disclosed invention 
20 will become readily apparent to those skilled in the art fix>m reading the following 
descriptions and fiom reading the otiier parts of the present disclosure. 

DESCRIPTION OF FIGURES 

F^ore 1 - is a graph showing protection against challenge with B. pertussis strain 
25 Tohama in groves of mice pre-immunised with carrier DT BrkA, DTPa-2, DTPa-2 
BrkA, DTPa-3 or DTPa-3 BrkA. Results are expressed as tiie number of CPU isolated 
per lung at different timcpoints after diallenge. 




5 



that combine low reactogenicity with an ability to elicit a protective response against 
Bordetella, particularly noth B. pertussis and B. parapertussis y infection. The 
identification of new candidate antigens and particularly effective combinations of 
antigens will allow the development of such vaccines. 
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Figure 2 - is a graph showing protection against challenge with B. pertussis strain 
18323 in gconps of mice pre-immunised with carrier DT BrkA, DTPa-2, DTPa-2 BrkA, 
DTPa-3 or DTPa-3 BrkA. Results are e3q)ressed as the number of CFU isolated per lung 
at different time points after challenge. 

5 

Figure 3 - graphs sowing protection against challenge with B. pertussis or B, 
parapertussis in groups of mice preimmunised with DTPw or DTPa from several 
sources. Results are expressed as number of CFU isolated from fhe lung at different 
time points after challenge. 

10 

DESCRIPIION OF THE INVENTION 

The invention relates to BASB232 polypeptides and polynucleotides as described in 
greater detail below, hi particular, the invention relates to polypq>tides and 
polynucleotides of BASB232 of B. pertussis, particularly comprised m immunogenic 
IS compositions. 

The invention relates especially to BASB232 polynucleotides and encoded polypeptides 
listed m table 1 . Those polynucleotides and encoded polypeptides have the nucleotide and 
ammo acid sequences set out m SEQ ID NO:l to SEQ ID NO:98 as described in table 1. 
Table 1 



Name 


Length 
(nl) 


Length 
(aa) 


SEQ 
ID 
nucl. 


SEQ 
ID 
prot. 


Description 


Orfl 


2211 


737 


1 


2 


Fenic enterobactin receptor (BfeA), Bordetella 
pertussis (95%) 


Oi£2 


2475 


812 


3 


4 


Probable hydroxamate-type ferrisideiophore iecq>tor 
(B&B). Pseudomonas aeruginosa (40%) 


OrS 


2403 


729 


5 


6 


Putative hydroxamate-type feirisiderophore xeceptar 
signal peptide protein (BfiC), Pseudomonas 
solanacearum (38%) 


Orf4 


2304 


734 


7 


8 


Pulalive fenic siderophoie receptor (^aviA)f Bordetella 
bronchiseptica (97%) 


OrfS 


2187 


825 


9 


10 


ThridBntified ferric siderophore receptor, Bordetella 
bronchiseptica (94%) 
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Oif6 


2064 


801 


11 


12 


Feme ffValigitt siderophore receptor, Bordetella 1 
pertussis (100%) 


Oif7 


2229 


743 


13 


14 


Hydroxamate-type feirisidero-pliore receptor (iron 1 
transport protein fiu). Pseudomonas aeruginosa (37%) 1 


Oris 


2268 


756 


15 


16 


Hydroxamate-^e ferrisidero-phore receptor (iron j 
transport protein fiu\ Pseudomonas aeruginosa (41%) j 


1 OtB 


2106 


702 


17 


18 


Putative hydroxamate-type ferrisiderophore receptor 
signal peptide protein, Pseudomonas soUmacearum 
(40%) 


1 OrflO 


2610 


870 


19 1 


20 


BbuR, outer meiribrane heme receptor, Bordetella 1 
pertussis (100%) 


1 Oifll 


2280 


760 


21 1 


22 


Probable tonb-dependent receptor, Pseudomonas 1 . 

aeruginosa (34%) J 


1 Orfl2 


1887 


629 


23 1 


24 


Probable tonb-dependent receptor, Pseudomonas 

aeruginosa (34%) _j 


1 Orfl3 


1731 


577 


25 j 


26 


Ferrisif^erophore receptor-like xnrotein, Pseudomonas I 
sp (57%) 


1 Orfl4 


1434 


478 


27 


28 


Probable tonB-dependant receptor Yncd precursor, 
Escherichia coli (56%) 


1 Orfl5 


2730 


910 


. 29 


30 


Pertactin outer meinbrane protein, Bordetella pertussis 
(100%) 


1 Orfl6 


2748 


915 


31 


1 32 


Vag8 protein, Bordetella pertussis (96%) 


1 Orfl7 


3033 


1010 


33 


I 34 


BrkA, Bordetella pertussis (81%) 


1 OrflS 


1944 


647 


35 


1 


Tcf protem, Bordetella pertussis (74 /o) 


1 Orfl9 


1245 


418 


37 


1 38 


Phg protem. Bordetella pertussis (81%) 


1 OrfZO 


2712 


903 


39 


1 40 


BapA protem, Bordetella pertussis (85%) 


1 OifZl 


1446 


482 


41 


1 42 


BapB protein, Bordetella pertussis (87%) 1 


1 Orf22 


2277 


759 


43 


1 44 


Putative autotransporter BapC, Bordetella pertussis 1 
(86%) 


1 Or£23 


1545 


515 


45 


1 46 


Pertactin-like protein, Bordetella pertussis (47%) 


1 Or£Z4 


1191 


397 


47 


1 


Tcf-like protein, Bordetella pertussis (56%) 


1 Orf25 


6903 


2300 


49 


1 50 


Extracellular serine protease. Brucella melitensis (25%) 


1 Orf26 


2622 


873 


51 


t ^ 


Aii-i-/<«tT>oncT>rk-H'f»r nmfpin A trrnhoiiierium tumBnic^ns 1 
(43%) 


1 Orf27 


3120 


1039 


53 




Autotransporter subtilisin-like protease (SphB 1), 1 
Bordetella pertussis (93%) 


Orf28 


2241 


747 


55 


56 


Heroe/hemopexin utilization protein c precursor, 
Haemophilus influenzae (48%) 


1 Qif29 


1575 


525 


57 


1 58 


Lipoprotein (piln protein), Escherichia coli (22%) I 
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OrGO 


1509 


503 


59 


60 


Immunogenic protein, Deinococcus radiodurans (35%) 


OrOl 


1491 


497 


61 


62 


Probable outer membrane lipoprotein precursor, 
Pseudomonas aeruginosa (48%) 


Oif32 


1491 


497 


63 


64 


Probable outer membrane efQux protem precursor, 
Pseudomonas aeruginosa (43%) 


Orf33 


1380 


460 


65 


66 


Oprm, Pseudomonas aeruginosa (45%) 


Oi£34 


1347 


449 


67 


68 


Probable outer membrane channel signal peptide 
protein, Ralstonia solanacearum (40%) 


OiOS 


1287 


429 


69 


70 


Putative membrane-boimd lytic murein 
transglycosylase a transmembrane protein (MltA)» 
Ralstonia solanacearum (42%) 


Oif36 


1143 


381 


71 


72 


Putative membrane-bound lytic murein 
transglycosylase b protein (MltB), Ralstonia 
solanacearum (40%) 


Orf37 


1095 


365 


73 


74 


Putative polysaccharide e?qport protein yccz precursor, 
Escherichia coli (34%) 


(M38 


897 


299 


75 


76 


Putative serine protease transmembrane protein, 
Ralstonia solanacearum (55%) 


Orf39 


852 


284 


77 


78 


Hypothetical protein pa4632, Pseudomonas aeruginosa 
(52%) 


Qrf40 


846 


282 


79 


80 


Competence lipoprotein coml precursor. Neisseria 
meningitidis (45%) 


Qrf41 


813 


271 


81 


82 


Probable lipoprotein precursor (vacj) transmembrane, 
Ralstonia solanacearum (43%) 


Oif42 


801 


267 . 


83 


84 


Putative outer membrane Iqioprotein, Salmonella 
typhimurium (24%) 


Qrf43 


690 


230 


85 


86 


Flagellar 1-ring protein precursor (basal body 1-ring 
protein), Escherichia coli (51%) 


Orf44 


678 


226 


87 


88 


Hypothetical lipoprotein ydcl precursor, Escherichia 
coli (32%) 


Oif45 


558 


186 


89 


90 


Probable peptidoglycan-associated lipoprotein 
precursor (Pal), Ralstonia solanacearum (63%) 


Liri4o 




184 


91 


92 


Putative outer membranjc lipoprotein (QmlA), 
Bordetella pertussis (100%) 


Orf47 


546 


182 


93 


94 


Hypodietical transmembrane protein smc00354, 
Rhizobium meliloti (36%) 


Oif48 


501 


167 


95 


96 


Putative outer membrane lipoprotein transmembrane, 
Ralstonia solanacearum (40%) 


Oif49 


456 


152 


97 


98 


Lipoprotein, Vibrio cholerae (44%) 
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The percentage shown in table 1 aie the identity percentage shared by each sequence of the BASB232 
polypq>tides and &eir homologous polypeptides found mB.pertussis or in ofter organisms (by a BLAST 
homology search). 

5 It is understood that sequences recited in the Sequence Listing below as 'TDNA" represent 
an exemplification of one embodiment of ^e invention, since those of ordinary skill will 
recognize fliat such sequences can be usefully employed in polynucleotides in general, 
including lilx^lynucleotides. 

The sequences of the BASB232 polynucleotides are set out in SEQ ID NO:l, 3, 5, 7, 9, 
10 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39, 41, 43, 45, 47, 49, 51, 53, 55, 57, 
59, 61. 63, 65, 67, 69, 71, 73, 75, 77, 79, 81, 83, 85, 87, 89, 91, 93, 95, 97. SEQ Group 1 
refers horein to any one of the polynucleotides set out in SEQ ID NO:l, 3, 5, 7, 9, 11, 13, 
15, 17, 19. 21. 23, 25, 27, 29, 31, 33, 35, 37, 39, 41, 43, 45, 47, 49, 51, 53, 55, 57, 59, 61, 
63, 65, 67, 69, 71, 73, 75, 77, 79, 81. 83, 85, 87. 89, 91. 93, 95, 97. 
15 Hie sequmces of the BASB232 encoded polypeptides are set out in SEQ ID NO:2, 4, 6, 
8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 54, 
56, 58, 60, 62, 64, 66, 68, 70, 72, 74, 76, 78, 80, 82, 84, 86, 88, 90, 92, 94, 96, 98. SEQ 
Group 2 refers herein to any one of the encoded polypeptides set out in SEQ ID NO:2, 4, 
6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 
20 54, 56, 58, 60, 62, 64, 66, 68, 70, 72, 74, 76, 78, 80, 82, 84, 86, 88, 90, 92, 94, 96, 98. 

The BASB232 polynucleotides set out in SEQ ID 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 25 
and 27 belong to the iron transporter protein family. 

The BASB232 polynucleotides set out in SEQ ID 29, 31, 33, 35, 37, 39, 41, 43, 45, 47, 49, 
25 51 and 53 belong to the autotransporter proteins &mily. 

The BASB232 polynucleotides set out in SEQ ID 55, 57, 59, 61, 63, 65, €7, 69, 71, 73, 
75, 77, 79, 81, 83, 85, 87, 89, 91, 93, 95 and 97 belong to the lipoproteins femily. 

The BASB232 polypeptides set out in SEQ ID 2. 4. 6. 8, 10, 12, 14, 16, 18, 20, 22, 24, 26 
30 and 28 belong to the iron transporter protein family. 
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The BASB232 polypeptides set out in SEQ ID 30. 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52 
and 54 belong to the autotransporter proteins fiunily. 

The BASB232 polypeptides set out in SEQ ID 56, 58, 60, 62, 64, 66, 68, 70, 72, 74, 76, 
78, 80, 82, 84, 86, 88, 90, 92, 94, 96 and 98 belong to the lipoproteins family. 

5 

Polvpeptides 

In one aspect of the invention th^e are provided polypeptides of B. pertussis referred to 
herein as "BASB232" and "BASB232 polypeptides" as well as biologically, diagnostically, 
prophylactically, clinically or fh^peutically useful variants thereof, and compositions, 
1 0 preferably immimogenic compositions comprising the same. 

The present invention further provides for: 

(a) an isolated polypeptide which conq>rises an anuno acid sequence which has at least 
85% identity, preferably at least 90% identity, more preferably at least 95% identity, most 

15 preferably at least 97-99% or exact identity, to that of any sequence of SEQ Group 2; 

(b) a polypeptide encoded by an isolated polynucleotide comprising a polynucleotide 
sequence which has at least 85% identity, preferably at least 90% identity, more preferably 
at least 95% identity, even more preferably at least 97-99% or exact identity to any 
sequOTce of SEQ Groiq> 1 over flie entire length of tiie selected sequence of SEQ Group 1; 

20 or 

(c) a polypeptide encoded by an isolated polynucleotide comprising a polynucleotide 
sequence encoding a polypeptide which has at least 85% idmtity, preferably at least 90% 
identity, more preferably at least 95% identity, even more preferably at least 97-99% or 
exact identity, to the amino acid sequence of any sequence of SEQ Group 2. 

25 

The BASB232 polypeptides provided in SEQ Group 2 are the BASB232 polypeptides 
fiom B. pertussis as described in table 1. 

The invention also provides an irmnunogenic fiagment of a BASB232 polypeptides, that 
30 is, a contiguous portion of the BASB232 polypeptide which has the same or substantially 
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the same mmmnogenic activity as the polypeptide comprising the corresponding amino 
acid sequence selected from SEQ Group 2 ; That is to say, the fragment (if necessary 
when coupled to a carrier) is capable of raising an immune response which recognises the 
BASB232 polypeptide. Such an immunogenic fragment may include, for example, the 

5 BASB232 polypeptide lacking an N-terminal lead^ sequence, and/or a transmembrane 
domain and/or a C-terminal anchor domain. In a preferred aspect the immunogenic 
fragment of BASB232 according to the invention comprises substantially all of the 
extracellular domain of a polypeptide which has at least 85% identity, preferably at least 
90% identity, more preferably at least 95% idratity, most preferably at least 97-99% 

10 identity, to that a sequence selected from SEQ Group 2 over the entire length of said 
sequence. 

A fragmCTt is a polypeptide having an amino acid sequence that is entirely the same as part 
but not all of any amino acid sequence of any polypeptide of the invention. As with 
15 BASB232 polypeptides, fragments may be "free-standing," or comprised within a larger 
polypeptide of which they form a part or region, most preferably as a single continuous 
region in a single larger polypeptide. 

Prefeired fragments include, for sample, truncation polypeptides having a portion of an 
20 amino acid sequence selected from SEQ Group 2 or of variants thereof, such as a continuous 
series of residues that includes an amino- and/or cari)oxyl-terminal amino acid sequence. 
Degradation forms of the polypeptides of the invention produced by or in a host cell, are 
also prefOTed. Further preferred are fragments characterized by stractural or fiinctional 
attributes such as fragm^ts that comprise alpha-helix and alpha-helix forming regions, 
25 beta-sheet and beta-sheet-forming regions, turn and turn-forming regions, coil and coil- 
forming regions, hydrophUic regions, hydrophobic regions, alpha amphipathic regions, beta 
asq)hipathic regions, flexible regions, surface-forming regions, substrate binding region, and 
high antigenic ind^ regions. 
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Furllxer preferred fragments include an isolated polypeptide comprising an amino acid 
sequence having at least 15, 20, 30, 40, 50 or 100 contiguous amino acids from the amino 
acid sequence selected from SEQ Group 2 or an isolated polypeptide comprising an 
amino acid sequence having at least 15, 20, 30, 40, 50 or 100 contiguous amino acids 
5 truncated or deleted from the anuno acid sequence selected from SEQ Group 2 . 

The BASB232 polypeptides set out in SEQ ID 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 
53 and 54 belong to an autotransporter proteins £amily. In this family, there are two 
domains : the passenger domain that is surface exposed and the beta domain that is anchored 
10 in the outer membrane protein. The passenger domain is a preferred fragmmt for vaccine 
use. The passenger domain was predicted for each BASB232 polypeptides set out in SEQ 
ID 30, 32, 34, 36, 38, 40, 42, 44, 50, and 52 in table 2. 



Table 2 



encoded peptidic 
sequence 


1^ amino acids of the 
preferred fragment 


Last amino acids of the 
preferred fragment 


SEQIDNO:30 


35 


604 


SEQ ID NO:32 


40 


614 


SEQIDNO:34 


41 


706 


SEQIDNO:36 


40 


132 


SEQIDNO:38 


36 


114 


SEQIDNO:40 


31 


595 


SEQIDNO:42 


1 


185 


SEQIDNO:44 


1 


458 


SEQ ID NO:50 


38 


1984 


SEQIDNO:52 


43 


561 



15 

Fragments described in table 2 are preferred fragments. These fragments may be readily 
modified by adding or removing 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 20, 30, 40 or 50 amino acids 
fix>m diher or botfaN and C tmnini. 
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Still furfliw preferred fiagmoits are those wfaidi comprise a B-cell or T-helper ^itope, for 
exaiiq>le fliose fiagment8/pq)tides described in Bcample 8. 

5 Fragments of the polypeptides of the invention may be employed for producing the 

corresponding fuU-length polypeptide by peptide synthesis; therefiwe, these fragments may 
be enq>loyed as intermediates for producing the full-length polypeptides of the invention. 

Particularly preferred are variants in which several, 5-10, 1-5, 1-3, 1-2 or 1 amino acids 
10 are substituted, deleted, or added in any combination. 

The polypeptides, or irmnunogenic fragments, of the invention may be in the form of flie 
"mature" .protem or may be a part of a larger protein such as a precursor or a frision 
protein. It is often advantageous to include an additional amino acid sequence which 
15 contains secretory or leader sequences, pro-sequences, sequences which aid in 

purification such as multiple histidine residues, or an additional sequence for stabiUty 
during recombinant production. Furthermore, addition of exogenous polypeptide or 
Upid tail or polynucleotide sequences to increase tiie immunogenic potential of the final 
molecule is also considraed. 

20 

In one aspect, the invention relates to genetically engineered sohible fusion proteins 
comprising a polypeptide of the present invention, or a fiagment tiiereof, and various 
portions of the constant regions of heavy or light chains of immunoglobuhns of various 
subclasses (IgG, IgM, IgA, IgE). Preferred as an immunoglobulin is tiie constant part of 
25 the heavy chain of human IgG, particularly IgGl , where fusion takes place at the hinge 
region. In a particular embodiment, the Fc part can be removed simply by incorporation 
of a cleavage sequaice which can be cleaved with blood clotting factor Xa. 

EuxtbexmorB, this invention relates to processes for the preparation of these fusion 
30 proteins by genetic engineering, and to the use thereof for drug screening, diagnosis and 
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therapy. A further aspect of the invention also relates to polynucleotides encoding such 
fusion proteins. Examples of fusion protein technology can be found in Ihtemational 
Patent AppUcation Nos. W094/29458 and W094/22914. 

5 The proteins may be chemically conjugated, or expressed as recombinant fusion 

proteins allowing increased levels to be produced in an expression system as compared 
to non-fiised protein. The fusion partner may assist in providing T helper epitopes 
(immunological fusion partner), preferably T helper epitopes recognised by humans, or 
assist in expressing the protein (expression enhancer) at higher yields than the native 

10 recombinant protein. Preferably the fusion partner will be both an immunological 
fusion partner and expression enhancing partner. 

Fusion partners include protein D from Haemophilus influenzae and tiie non-structural 
protein fix>m influenza virus, NS 1 Ohemagglutinin). Another fusion partner is the protein 

15 known as C)mp26 (WO 97/01638). Another fusion partner is the protein known as 

LytA. Preferably the C terminal portion of the molecule is used. LytA is derived from 
Streptococcus pneumoniae which synthesize an N-acetyl-L-alanine aznidase, amidase 
LytA, (coded by the lytA gene {Gene, 43 (1986) page 265-272}) an autolysin that 
specifically degrades certain bonds in the peptidoglycan backbone. The C-terminal 

20 domain of the LytA protein is responsible for the afOnity to the choline or to some 

choline analogues such as DEAE. This property has been exploited for the developmrait 
of E.coli C-LytA expressing plasmids useful for expression of fusion proteins. 
Purification of hybrid proteins containing the C-LytA fingment at its amino terminus 
has been described {Biotechnology: 10, (1992) page 795-798}. It is possible to use the 

25 repeat portion of the LytA molecule found in the C terminal end starting at residue 178, 
for example residues 188 - 305. 

The present invention also includes variants of the aforementioned polypeptides, that is 
polypeptides that vary from the referents by conservative amino add substitutions, 
30 whereby a residue is substituted by anotibier with like characteristics, laical such 
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substitutions are among Ala, Val, Leu and ne; among Ser and 

residues Asp and Glu; among Asn and Gin; and among the basic residues Lys and Arg; or 
aromatic residues Phe and Tyr. 

5 Polypeptides ofthe present invention can be prepared in any siutablenMimer. Such 
polypeptides include isolated naturally occurring polypeptides, recombinantly produced 
polypeptides, synthetically produced polypeptides, or polypeptides produced by a 
combination of these methods. Means for preparing such polypeptides are well 
understood in the art. 

10 

It is most preferred that a polypeptide of tiie invention is daived fiom B. pertussis^ however, 
it may preferably be obtained from other organisms of the same taxonomic genus. A 
polypeptide of the invention may also be obtained, for example, firom organisms of the same 
taxonomic &mily or order. 

15 

Polynucleotides 

It is an object of the invention to provide polynucleotides that encode BASB232 
polypeptides, particularly polynucleotides that encode polypeptides herein designated 
BASB232. 

20 

In a particularly preferred embodiment of tiie invention the polynucleotide comprises a 
region encoding BASB232 polypeptides comprising sequences set out in SEQ Groupl 
which include full length gene, or a variant thereof. 

25 Polynucleotides of the invention do not encompass a complete genomic DNA fiom a 
Bordetella species, perferably A pertussis or B. parapertussis. 

As a further aspect of the invention there are provided isolated nucleic acid molecules 
encoding and/or e>q>rKsing BASB232 polypeptides and polynucleotides, particularly A 
30 pertussis BASB232 polypeptides and polynucleotides, including, for example. 
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xirq^rocessed RNAs, ribozyme RNAs, mRNAs, cDNAs, B- and Z-DNAs. Further 
embodiments of the invention include biologically, diagnostically, prophylactically, 
clinically or thenpeutically useful polynucleotides and polypeptides, and variants 
thereoj^ and compositions, preferably inmiunogenic compositions, conq>rising the same. 

5 

Another aspect of the inv^tion relates to isolated polynucleotides, including at least one full 
length gene, that encode BASB232 polypeptides having a deduced amino acid sequence of 
SEQ Group 2 and polynucleotides closely related thereto and variants thereof 

10 Ih another particularly preferred embodiment of the invention relates to BASB232 
polypeptides from B. pertussis comprising or consisting of an amino acid sequence 
selected from SEQ Group 2 or a variant thereof. 

Using the information provided herein, such as a polynucleotide sequence set out ia SEQ 

IS Group 1, a polynucleotide of the invention encoding BASB232 polypeptide may be obtained 
using standard cloning and screening methods, such as those for cloning and sequencing 
chromosomal DNA fragments from bacteria using B. pertussis strain Tohama I cells as 
starting material, followed by obtaining a full length clone. For example, to obtain a 
polynucleotide sequence of the invention, such as a polynucleotide sequence given in 

20 SEQ Group 1, typically a Ubrary of clones of chromosomal DNA of B. pertussis strain 
Tohama I in E.coli or some other suitable host is probed with a radiolabeled 
oligonucleotide, preferably a 17-mer or longer, derived from a partial sequence. Clones 
carrying DNA identical to that of the probe can then be distinguished using stringent 
hybridization conditions. By sequencing the individual clones thus identiGed by 

25 hybridization with sequencing primers designed from the original polypeptide or 

polynucleotide sequence it is then possible to extend the polynucleotide sequence in both 
directions to determine a frill length gene sequence. Conveniently, such sequencing is 
performed, for example, using denatured double stranded DNA prepared from a plasmid 
clone. Suitable techniques are described by Maniatis, T., Fritsch, E.F. and Sambrook et 

30 aL, MOLECULAR CLONING, A LABORATORY MANUAL, 2nd Ed.; Cold Spring Harbor 
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Laboratory Press, Cold Spring Harbor, New York (1989). (see in particular Screening By 
Hybridization 1.90 and Sequencing Denatured Double-Stranded DNA Templates 13.70). 
Direct genomic DNA sequencing may also be performed to obtain a full length gene 
sequence. Illustrative of the invention, each polynucleotide set out in SEQ Group 1 was 
5 discovered m a DNA library derived from B. pertussis. 

MoreovCT, each DNA sequaace set out in SEQ Groiq> 1 contains an open reading frame 
encoding a protein having about the number of amino acid residues set fortti in SEQ Group 
2 with a deduced molecular weight that can be calculated using amino acid residue 
10 molecular weigiht values well known to those skilled in the art. 

The polynucleotides of SEQ Group 1, between the start codon and die stop codon, encode 
respectively the polypeptides of SEQ Qixmp 2. The nucleotide number of start codon and 
first nucleotide of the stop codon are listed in table 3 for each polynucleotide of SEQ Group 
15 1. 



Tables 



Name 


Start codon 


l" nucleotide of stop codon 


Orfl 




2212 


OrfZ 




2476 


Or£3 




2404 


Orf4 




2305 


OrfS 




2188 


Orf6 




2065 


Orf? 




2230 


Orf8 




2269 


Or© 




2107 


OrflO 




2611 


Oifll 




2281 


Oifl2 




1888 


Orfl3 




1732 


Orfl4 




1435 


Oifl5 




2731 
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Orfl6 




2746 


Orfl7 




3031 


Oifl8 




1942 


Orfl9 




1255 


Oif20 




2710 


Oi£21 




1447 


OrQ2 


1 


2278 


Orf23 




1546 


Orf24 




1192 


Or£25 


1 


6901 


Oif26 


1 


2620 


Orf27 


1 


3118 


Oi£28 


1 


2242 


Orf29 




1576 


OrfBO 




1510 


Or£31 




1492 


Oif32 


1 


1492 


0iO3 


1 


1381 


Oi£34 


1 


1348 


Orf35 




1288 


Orf36 




1144 


Ori37 




1096 


Orf38 




898 


Orf39 


1 


853 


Oif40 


1 


847 


Orf41 


1 


814 


Orf42 




802 


Orf43 




691 


Orf44 




679 


Qcf4S 




559 


(M46 




553 


Otf47 




547 


Orf48 




502 


Oif49 




457 



In a further aspect, the preset invention provides for an isolated poljoiucleotide 
comprising or consisting of: 
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(a) a polynucleotide sequence which has at least 85% identity, preferably at least 90% 
identity, more preferably at least 95% identity, even more preferably at least 97-99% or 
exact identity to any sequence firom SEQ Groiq) 1 over the enture length of the 
potamudeotide sequence. fix>m SEQ Group 1; or 

(b) a polynucleotide sequence encoding a polypeptide which has at least 85% identity, 
preferably at least 90% identity, more preferably at least 95% identity, evai more 
preferably at least 97-99% or 100% exact, to any amino acid sequence selected from 
SEQ Groiq> 2 , over the entire length of the amino acid sequence from SEQ Group 2. 

A polynucleotide encoding a polypeptide of the present invention, including homologs and 
orifaologs from species other than B. pertussis, may be obtained by a process which 
comprises the steps of scre^iing an s^ropriate library under stringent hybridization 
conditions (for example, using a temperature m the range of 45 — 65^C and an SDS 
concentration from 0.1 - 1%) with a labeled or detectable probe consisting of or comprising 
any sequence selected from SEQ Group 1 or a fragment tiiereof; and isolating a ftdl-length 
gene and/or genomic clones containing said polynucleotide sequence. 

The invention provides a polynucleotide sequence identical over its entire length to a coding 
sequence (open reading frame) set out in SEQ Grorqp 1 . Also provided by the invention is a 
coding sequence for a mature polypq)tide or a fragment thereof by itself as well as a coding 
sequence for a mature polypeptide or a fragment in reading frame with another coding 
sequence, such as a sequence encoding a lead^ or secretory sequence, a pre-, or pro- or 
prepro-protein sequence. The polynucleotide of the invention may also contain at least one 
non-coding sequence, including for example, but not limited to at least one non-coding 5' 
andJ' sequence, such as the transcribed but non-translated sequences, termination signals 
(such as iho-dependent and rho-independent termination signals), ribosome binding sites, 
Kozak sequences, sequences that stabilize mKNA, introns, and polyadenylation signals. 
The polynucleotide sequence may also comprise additional coding sequence ^coding 
additional amino acids. For example, a marker sequence that fecilitates purification of the 
frised polyp^tide can be encoded. In certain embodiments of tiie invention, the mark^ 
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sequence is a hexa-histidine peptide, as provided in the pQE vector (Qiagen, Inc.) and 
described in Gentz et al, Proc. Natl Acad. Set, USA 86: 821-824 (1989), or an HA peptide 
tag (Wilson et al.^ Cell 37: 767 (1984), both of which may be useful in purifying 
polypeptide sequence fused to them. Polynucleotides of the invention also include, but are 
not limited to, polynucleotides comprising a structural gene and its naturally associated 
sequences that control gene e>q)ressioiL 

The nucleotide sequences encoding the BASB232 polypeptides of SEQ Group 2 maybe 
identical to the corresponding polynucleotide encoding sequences of SEQ Group I. The 
position of the first and last nucleotides of the encoding sequences of SEQ Goup 1 are 
listed in table 4. Alternatively it may be any sequ^ce, which as a result of the redimdancy 
(degeneracy) of the genetic code, also oicodes polypeptides of SEQ Group 2. 



Table 4 



niicleotidic 
sequraice 


encoded peptidic 
sequence 


Start codon 


Last nucleotide 
of encoding 
sequence 


SEQ ID NO: 1 


SEQIDNO:2 




2211 


SEQIDNO:3 


SEQIDNO:4 




2475 


SEQIDNO:5 


SEQ ID NO:6 




2403 


SEQ ID NO:7 


SEQ ID NO:8 




2304 


SEQIDNO:9 


SEQIDNO:10 




2187 


SEQIDNO:!! 


SEQIDNO:12 




2064 


SEQ ID NO: 13 


SEQ ID NO: 14 




2229 


SEQIDNO:15 


SEQIDNO:16 




2268 


SEQ ID NO: 17 


SEQ ID NO: 18 




2106 


SEQ ID NO: 19 


SEQ ID NO:20 




2610 


SEQIDNO:21 


SEQIDNO:22 




2280 


SEQIDNO:23 


SEQIDNO:24 




1887 


SEQIDNO:25 


SEQIDNO:26 


1 


1731 
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1 SEQIDNO:27 


SEQIDNO:28 




1434 


1 SEQIDNO:29 


SEQIDNO:30 




2730 


1 SEQIDNO:31 


SEQ ID NO:32 




2745 


1 SEQ ID NO:33 


SEQ ID NO:34 




3030 


1 SEQIDNO:35 


SEQIDNO:36 


* • 


1941 


1 SEQIDNO:37 


SEQIDNO:38 




1254 


1 SEQIDNO:39 


SEQIDNO:40 




2709 


1 SEQIDNO:41 


SEQIDNO:42 




1446 


1 SEQ ID NO:43 


SEQIDNO:44 




2277 


1 SEQIDNO:45 


SEQIDNO:46 




1545 


1 SEQIDNO:47 


SEQIDNO:48 




1191 


1 SEQIDNO:49 


SEQIDNO:50 




6900 


SEQIDNO:51 


SEQIDNO:52 




2619 


1 SEQIDNO:53 


SEQIDNO:54 




3117 


1 SEQIDNO:55 


SEQlDNO:56 




2241 


1 SEQIDNO:57 


SEQIDNO:58 




1575 


1 SEQIDNO:59 


SEQIDNO:60 




1509 


1 SEQIDNO:61 


SEQIDNO:62 




1491 


1 SEQIDNO:63 


SEQIDNO:64 




1491 


1 SEQIDNO:65 


SEQIDNO:66 




1380 


1 SEQ ID NO:67 


SEQ ID NO:68 




1347 


1 SEQIDNO:69 


SEQ ID NO:70 




1287 


1 SEQIDNO:71 


SEQ]DNO:72 




1143 


1 SEQIDNO:73 


SEQIDNO:74 




1095 


1 SEQIDNO:75 


SEQIDNO:76 




897 


1 SEQ ID NO:77 


SEQIDNO:78 




852 


1 SEQ ID NO:79 


SEQ ID NO:80 




846 


1 SEQIDNO:81 


SEQIDNO:82 




813 
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SEQIDNO:83 


SEQIDNO:84 




801 


SEQIDNO:85 


SEQIDNO:86 




690 


SEQIDNO:87 


SEQroNO:88 




678 


SEQIDNO:89 


SEQIDNO:90 




SS8 


SEQIDNO:91 


SEQIDNO:92 




552 


SEQIDNO:93 


SEQIDNO:94 




546 


SEQIDNO:95 


SEQ ID NO:96 




501 


SEQIDNO:97 


SEQIDNO:98 




456 



The term "polynucleotide encoding a polypeptide" as used herein encompasses 
polynucleotides that include a sequence encoding a polypeptide of the invention, particularly 
a bacterial polypeptide and more particularly a polypeptide of the B. pertussis BASB232 

5 having an amino acid sequence set out in any of the sequences of SEQ Group 2. The term 
also encompasses polynucleotides that include a single continuous region or discontinuous 
regions encoding the polypeptide (for example, polynucleotides interrupted by integrated 
phage, an integrated insertion sequence, an integrated vector sequence, an integrated 
transposon sequence, or due to RNA editing or genomic DNA reorganization) together with 

10 additional regions, that also ntiay contain coding and/or non-coding sequences. 

The invention further relates to variants of the polynucleotides described herein that encode 
variants of a polypeptides having a deduced amino acid sequence of any of the sequences of 
SEQ Group 2 . Fragments of polynucleotides of the invention may be used, for example, to 
1 S synthesize fuU-lmgth polynucleotides of the invention. 

Preferred fiagments are those polynucleotides which encode a B-cell or T-helper epitope, for 
example the fragments/peptides described in Example 8, and recombinant, chimeric genes 
comprising said polynucleotide fiagments. 

20 
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Furfher particularly preferred embodiments are polynucleotides encoding B ASB232 
variants, that have the amino acid sequence of BASB232 polypeptides of any sequence &om 
SEQ Group 2 in which several, afew, 5 to 10, 1 to 5, 1 to 3, 2, 1 or no amino acid residues 
are substituted, modified, deleted and/or added, in any combination. Especially preferred 
5 among these are silrait substitutions, additions and deletions, that do not alter the properties 
and activities of BASB232 polypeptides. 

Furfher preferred embodiments of the invention are polynucleotides that are at least 85% 
identical over their entire length to polynucleotides encoding BASB232 polypeptides having 

10 an amino acid sequence set out in any of the sequences of SEQ Group 2 , and 

polynucleotide that are con:iplementary to such polynucleotides. Alternatively, most highly 
piefened are polynucleotides that conq>rise a region that is at least 90% identical over its 
entire length to polynucleotides encoding BASB232 polypeptides and polynucleotides 
complementary thereto. In this regard, polynucleotides at least 95% identical over their 

1 5 entire length to the same are particularly preferred. Furthermore, those with at least 97% are 
highly preferred among those with at least 95%, and among these those with at least 98% 
and at least 99% are particularly highly preferred, with at least 99% being the more 
preferred. 

20 Preferred embodiments are polynucleotides encoding polypeptides that retain substantially 
the same biological function or activity as mature polypeptides encoded by a DNA 
sequence selected fit>m SEQ Group 1. 

In accordance with certain preferred embodiments of this invention there are provided 
25 polymideotides that hybridize, particularly under stringent conditions, to BAS6232 
polvnudeotide sequences, such as those polynucleotides in SEQ Group 1. 

The invention further relates to polynucleotides that hybridize to the polynucleotide 
g pqiiP>nri:>g pmviHRd herein. Jn this re^d, the invention especially relates to polynucleotides 
30 th^ hybridize imder stringent conditions to the polynucleotide As herein 
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used, the tenns "stringent conditions" and "stringent h^iidization conditions" mean 
hybridization occurring only if there is at least 95% and preferably at least 97% identity 
between the sequences. A specific example of stringent hybridization conditions is 
overnight incubation at 42*^0 in a solution comprising: 50% formamide, 5x SSC (150mM 
5 NaCl, 15mM trisodium citrate), 50 mM sodium phosphate ^H7.6), 5x Denhaidf s 

solution, 10% dextran sulfate, and 20 micrograms/ml of denatured, sheared sahnon sperm 
DNA, followed by washing the hybridization support in O.lx SSC at about GS^'C. 
Hybridization and wash conditions are well known and exemplified in Sambrook, et aL^ 
Molecular Cloning: A Laboratory Manual, Second Edition, Cold Spring Harbor^ N.Y., 
10 (1989), particularly Chapter 1 1 therein. Solution hybridization may also be used with the 
polynucleotide sequences provided by the invention. 

The invention also provides a polynucleotide consisting of or comprising a polynucleotide 
sequence obtained by screening an appropriate library containing the complete gene for a 
15 polynucleotide sequence set forth in any of the sequences of SEQ Group 1 under stringent 
hybridization conditions with a probe having the sequence of said polynucleotide 
sequence set forth in the corresponding sequences of SEQ Group 1 or a fragment thereof; 
and isolating said polynucleotide sequence. Fragments useful for obtaining such a 
polynucleotide include, for example, probes and primers fiilly desoibed elsewhere herein. 

20 

As discussed elsewhere herein regarding polynucleotide assays of the invention, for 
instance, the polynucleotides of the invention, may be used as a hybridization probe for 
RNA, cDNA and genomic DNA to isolate full-length cDNAs and genomic clones encoding 
BASB232 and to isolate cDNA and genomic clones of other genes that have a high identity, 
25 particularly high sequence identity, to the B ASB232 genes. Such probes generally will 

comprise at least IS nucleotide residues or base pairs. Preferably, such probes will have at 
least 30 nucleotide residues or base pairs and may have at least SO nucleotide residues or 
base pairs. Particularly preferred probes will have at least 20 nucleotide residues or base 
pairs and will have less tiban 30 micleotide residues or base pairs. 

30 
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A coding region of BASB232 gen^ may be isolated by screening using a DNA sequences 
provided in SEQ Group 1 to synthesize an oligonucleotide probe. A labeled oligonucleotide 
having a sequence complemmtary to that of a gene of the invmtion is then used to screen a 
Kbraiy of cDNA, genomic DNA or mRNA to determine which members of the library the 
probe hybridizes to. 

There are several methods available and well known to those skilled in the art to obtain 
full-length DNAs, or extend short DNAs, for example those based on the method of 
Rapid Amplification of cDNA ends (RACE) (see, for example, Frohman, et al.PNAS 
USA 85: 8998-9002, 1988). Recent modifications of the technique, exempUfied by the 
Marathon™ technology (Clontech laboratories Inc.) for example, have significantly 
simplified flie search for longer cDNAs. In the Marathon™ technology, cDNAs have 
been prepared from noRNA extracted from a chosen tissue and an 'adaptor* sequence 
ligated onto each ea± Nucleic acid amplification (PGR) is then carried out to amplify flie 
"missing" 5' end of the DNA using a combination of gene specific and adaptor specific 
oligonucleotide primers. The PGR reaction is then repeated using "nested" primers, that 
is, primers designed to anneal witiiin the amplified product (typically an adaptor specific 
primer that aimeals fijrther 3' in the adaptor sequence and a gene specific primer that 
anneals fiirther 5' in the selected gene sequence). The products of this reaction can thai 
be analyzed by DNA sequencing and a fiill-length DNA constructed either by joining the 
product directly to the existing DNA to give a complete sequence, or carrying out a 
separate fiill-length PGR using the new sequence information for the design of the 5' 
pnmer. 

The polynucleotides and polypqjtides of the invention may be employed, for example, as 
r^^rrVi n^agRntfi and materials for discovery of treatments of and diagnostics for diseases, 
particularly human diseases, as fiirther discussed herein relating to polynucleotide assays. 

The-polyauclTOtides of the invention that are oligonucleotide derived from a sequence of 
SEQ Groirp 1 may be used in tiie processes herein as described, but preferably for PGR, to 
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determine whether or not the polynucleotides id^tified herem in whole or in part are 
transcribed in bacteria in infected tissue. It is recognized that such sequences will also 
have utility in diagnosis of the stage of infection and type of infection ttie pafliogen has 
attained. 

5 

The invention also provides polynucleotides tiiat encode a polypeptide that is the mature 
protein plus additional amino or carboxyl-temiinal amino acids, or amino acids interior to 
the mature polypeptide (when the mature form has more than one polypeptide chain, for 
instance). Such sequences may play a role in processing of a protein &om precursor to a 
10 mature form, may allow protein transport, may lengthen or shorten protein half-life or may 
facilitate manipulation of a protein for assay or production, among other things. As 
generally is the case in vivo^ flie additional amino acids maybe processed away ftom the 
mature protein by cellular enzymes. 

1 5 For each and every polynucleotide of the invention tiiere is provided a polynucleotide 
complementary to it. It is preferred that these complementary polynucleotides are fully 
complementary to each polynucleotide with which fliey are complementary. 

A precursor protein, having a mature form of the polypq)tide fused to one or more 
20 prosequences may be an inactive form of tiie polypeptide. When prosequences are removed 
such inactive precursors generally are activated. Some or all of the prosequences may be 
removed before activation. Generally, such precursors are called proproteins. 

In addition to the standard A, G, C, T/U rq)resentations for nucleotides, the term 'TST' may 
25 also be used in describing certain polynucleotides of the invention. "ISP* means that any of 
the four DNA or RNA nucleotides may appear at such a designated position in the DNA 
or RNA sequence, except it is preferred that N is not a nucleic acid that when taken in 
combination with adjacent nucleotide positions, when read in the correct reading fiame, 
would have the ^ect o f generati n g a premature termination codon in sudh reading frame. 

30 
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In sum, a polynucleotide of the invoHion may encode a mature protein, a mature protein 
plus a leader sequence (which maybe referred to as a prqirotein), a precursor of a mature 
piotem having one or more prosequences that are not the leader sequences of a preprotein, 
or a pieproprotein, which is a precursor to a proprotdn, having a leader sequfflice and one or 
5 more prosequCTces,wWchgenaaUy are removed during processmgstqps that produce 

active and mature forms of the polypq)tide. 

In accordance with an aspect of the invention, there is provided flie use of a 
polynucleotide of the invention for therapeutic or prophylactic purposes, in particular 
10 genetic immunizatiorL 

The use of a polynucleotide of the invention in genetic immu ni z ation will preferably 
employ a suitable delivery method such as direct injection of plasmid DNA into muscles 
(Wolff al. Hum Mol Genet (1992) 1: 363, Manfhorpe et al. Hum. Gene Ther. (1983) 4: 

15 419), delivery of DNA complexed with specific protein carriers (Wu et al., J Biol Chem. 
(1989) 264: 16985), coprecipitation of DNA with calcium phoqihate (Benveaiisty & 
Reshef, PNAS USA, (1986) 83: 9551), encapsulation of DNA in various forms of 
Uposomes (Kaneda et al. Science (1989) 243: 375), particle bombardment (Tang et al.. 
Nature (1992) 356:152, Eisenbraun et al.. DNA Cell Biol (1993) 12: 791) and in vivo 

20 infection using cloned retroviral vectors (Seeger et al., PNAS USA (1984) 81: 5849). 

Vectors. Host Cells. Expression Systems 

The invention also relates to vectors that comprise a polynucleotide or polynucleotides of 
25 the invention, host cells that are genetically engineered with vectors of the invention and the 
production of polypeptides of the invention by recombinant techniques. Cell-jfree translation 
systems can also be eir?>loyed to produce such proteins using RNAs derived fix>m the DNA 
constructs of the invention. 



25 



VB60452 



Recombinant polypeptide of the present invention may be prepared by processes well 
known in those skilled in the art fix»m genetically engine^ied host cells comprising 
expression s>^tems. Accordingly, in a further aspect, the present invention relates to 
expression systems that comprise a polynucleotide or polynucleotides of the present 
5 invention, to host cells which are genetically engineered with such repression systems, and 
to the production of polypeptides of the invention by recombinant techniques. 

For recombinant production of the polypeptides of the invention, host cells can be 
genetically engineered to incorporate expression systems or portions thereof or 

1 0 polynucleotides of the invention. Introduction of a polynucleotide into the host cell can be 
effected by methods desoibed in many standard laboratory manuals, such as Davis, et al^ 
BASIC METHODS IN MOLECULAR BIOLOGY, (1986) and Sambrook, et al., 
MOLECULAR CLONING: A LABORATORY MANUAL, 2nd Ed., Cold Spring Harbor 
Laboratory Press, Cold Spring Harbor, N.Y. (1989), such as, calcium phosphate 

1 5 transfection, DEAB-dextran mediated transfection, transvection, microinjection, cationic 
lipid-mediated transfection, electroporation, conjugation, transduction, scrape loading, 
ballistic introduction and infection. 

Representative examples of sqypropriate hosts include bacterial cells, such as cells of 
20 streptococci, st^hylococci, euterococci, E. coli, streptomyces, cyanobacteria. Bacillus 

subtUis, Neisseria meningitidis, Haemophilus influenzae andMoraxella catarrhalis; fiin^ 
cells, such as cells of a yeast, Kluveromyces, Saccharomyces, Pichia, a basidiomycete, 
Candida albicans nnd Aspergillus; insect cells such as cells oiDrosophila S2 and 
Spodoptera S©; animal cells such as CHO, COS, HeLa, C127, 3T3, BHK, 293, CV-1 and 
25 Bowes melanoma cells; and plant cells, such as cells of a gymnospenn or angiospenn. 

A great variety of expression systems can be used to produce the polypeptides of the 
invention. Such vectors include, among oth^, chromosomal-, episomal- and virus-derived 
vectors, for exanq)le, vectors d^ved firom bacterial plasmids, ftom bacteriophage, from 
30 transposons, fiom yeast ^isomes, from insertion elements, fix)m yeast chromosomal 



26 



VB60452 

elements, from viruses such as baculoviruses, papova viruses, such as SV40, vaccinia 
viruses, adenoviruses, fowl pox viruses, pseudorabies viruses, picomaviruses, retroviruses, 
and alphaviruses and vectors derived from combinations thereof such as those derived from 
plasmid and bacteriophage genetic elements, such as cosndds and phagemids. The 

5 expression system constructs may contain control regions that regulate as well as engender 
expression. Generally, any system or vector suitable to maintain, propagate or express 
polynucleotides and/or to express a polypeptide in a host may be used for expression in this 
regard. The appropriate DNA sequence may be inserted into the expression system by any 
of a variety of well-known and routine technique, such as, for example, those set forth in 

10 Sambrook et aL, MOLECULAR CLOMNG, A LABORATORY MANUAL, {supra). 

In recombinant expression systems in enkaiyotes, for secretion of a translated protein into 
the lumen of the endoplasmic reticulum, into the periplasmic space or into the extracellular 
environment, appropriate secretion signals may be incorporated into the expressed 
1 5 polypeptide. These signals may be endogenous to die polypeptide or they may be 
heterologous signals. 

Polypeptides of the present invention can be recovered and purified from recombinant 
cell cultures by well-known methods including anmionium sulfrite or ethanol 

20 precipitation, acid extraction, anion or cation exchange chromatography, phosphocellulose 
chromatography, hydrophobic interaction chromatography, a£Bnity chromatogrsphy, 
hydroxylapatite chromatography and lectin chroniatography. Most preferably, ion metal 
afiBnity chromatography (IMAC) is employed for purification. Well known techniques 
for refolding proteins may be employed to regenerate active conformation when the 

25 polypeptide is denatured during intracellular synthesis, isolation and or purification. 

T he express ion system may also be a recombinant Uve microorganism, such as a virus 
or bacterium. The gene of interest can be inserted into the genome of a live recombinant 
viras-or-bacterium. Inocidation and in vivo infection with fliis live vector will lead to in 
30 vivo e x pr es s io n of the antig^ and induction of immune responses. Viruses and bacteria 
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used for this purpose are for instance: poxviruses (e.g; vaccinia, fowlpox, canarypox), 
alphaviruses (Sindbis virus, SCToliki Forest Virus, Venezuelian Equine Encqphalitis 
Virus), adenoviruses, adeno-associated virus, picomaviruses Q>oliovirus, rhinovirus), 
herpesviruses (varicella zostCT virus, etc). Listeria, Salmonella , Shigella, BCG, 
5 streptococci. These viruses and bactOTa can be virulent, or attenuated in various ways 
in order to obtaiu live vaccines. Such live vaccines also form part of the invention. 

Combinatfons of Bordetella antigens in immimogenic compositions 

10 A further aspect of the invention discloses particular combinations of Bordetella antigens 
which when combined, lead to an effective immunogenic composition against BordeteUa 
infection. The ef&cacy of the inmiunogenic composition is determined as by its ability to 
elicit a protective response against B. pertussis primarily, but it is preferred that they also 
elicit a protective effect against the related bacteria B. parapertussis and/or B. 

IS bronchis^tica. 

Preferred combinations of Bordetella antigens, when combined in an immunogenic 
composition or vaccine, allow diff^ent Bordetella functions to be targetted by the 
immune response. Such an immune response is bettor able to treat or prevrat Bordetella 
20 infection. For instance, known virulence factors include adhesins like FHA, fimbrae, 
pertactin which are involved in attachment of Bordetella to host cells; toxins such as 
pertussis toxin, adenylate cyclase have a role in disabling the host immune system; 
BrkA acts as a serum resistance factor and TcfA has a role in tracheal colonization. 

25 Li particular, combinations of certain antigens firom different classes, some of which are 
involved in adhesion to host cells, some of which are involved in iron acquisition, some 
of which are antotransporters and some of which are toxins, can elicit an immune 
response which protects against multiple fimctions of Bordetella required to sustain 
infection^ Such combinations of antigens can smpiisingly lead to synergistically 
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improved vaccine eflScacy against Bordetella infection where more that one function of 
the hacterium is targeted by the immmie response. 

An additional advantage of preferred embodiments of the invoition is that the 
5 combination of the antigens of flie invention from different families of proteins in an . 
immunogenic composition will enable protection against a wider range of strains. It is 
particularly advantageous for an immunogenic composition to generate an immune 
response against B. pertussis and B. parapertussis since B. parapertussis infections 
make vcp 5-10% of whooping cough cases and the protection afforded by currently used 
10 acellular vaccina does not extend to B. parapertussis. 

Accordingly, the invention provides mmiunogenic compositions comprising at least or 
exactiy two, three, four, five, six, seven, eight, nine or ten different Bordetella, 
preferably B.pertussis antigens , wherein flie antigens are selected from at least two, 
15 three, four or five of the following categories: 

a) at least one Bordetella iron acquisition protein selected from the group consisting of 
the polypeptide sharing at least 70%, 80%, 90%, 95%, 97%, 98%, 99% or 100% 
identity witii SEQ ID 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, or 28, or an 

20 antigenic firagment thereof; 

b) at least one Bordetella autbtransporter protein selected from the group consisting of 
pertactin, BipA, the polypeptide sharing at least 70%, 80%, 90%, 95%, 97%, 98%, 
99% or 100% identity with SEQ ID 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52, or 
54, or an antigenic fragment thereof, preferably the passenger domain thereof; 

25 c) at least one Bordetella lipoprotein selected from the group consisting of tiie 
polypeptide sharing at least 70%, 80%, 90%, 95%, 97%, 98%, 99% or 100% 
identity with SEQ ID 56, 58, 60, 62, 64, 66, 68, 70, 72, 74, 76, 78, 80, 82, 84, 86, 
88, 90, 92, 94, 96, or 98 or an antigraic fragment thereof; 
d) lep^gf f^pft RnrHetella adhesin selected from the group consisting of FHA, fimbriae, 

30 pertactin and BrkA or an antigenic fragment thereof; and 
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e) at least one Bordetella toxin/invasin or antigens involved in toxin/invasin seoretion 
selected from the group consisting of pertussis toxin, adenylate cyclase, 
dennonecrotic toxin (Dnt), Type m ss or lipopolysaccharide or an antigenic 
fragment thereof, 

5 wherein the Bordetella antigens in the immunogenic composition do not consist of any 
combination of 2, 3, 4 or all 5 of pertactin, finibriae 2, fimbrae 3, FHA and pertussis 
toxin. 

Immimogenic compositions of the invention therefore do not cover known vaccines 
10 combinations, however a single known antigen from one group, combined with a new 
antigen from a different group is covered. 

The Bordetella antigens may derived from any strain of Bordetella including from one 
or more of A pertussis, B. parapertussis and A bronchiseptica (preferably the former). 

15 

Preferably all five groups of antigen are represented in the immunogenic composition of 
the invention. Where an antigen falls into two groups, the inclusion of that one antigen 
into an irmnunogenic composition leads to the inclusion of both groups in the 
inraGLunogenic composition. 

20 

WhCTe a protein is specifically mentioned herein, it is preferably a reference to a native, 
full-length protein but it may also encompass antigenic, preferably inomunogenic 
fragments thereof (particularly in the context of subunit vaccines). These are fragments 
containing or comprising at least 10 amino acids, preferably 20 amino acids, more 

25 preferably 30 amino acids, more preferably 40 amino acids or most preferably 50 amino 
acids, taken contiguously from the amino acid sequence of the protein. In addition, 
antigenic fragments denotes fragments that are immunologically reactive with 
antibodies generated against the B. pertussis proteins or with antibodies generated by 
infection of a mammalian host with Bordetella. Antigenic firagments also includes 

30 fragments that when administered at an effective dose, elicit a protective immune 
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response against Bordetella infection, more preferably it is protective against B. 
pertussis and/or B. parapertussis and/or B. bronchiseptica infection. Preferably such 
fr^emtns are coupled to a source of T - cell epitopes. 

S Also included in tiie invention are recombinant fusion proteins of Bordetella proteins of 
the invention, or fi:agments thereof. These may combine different Bordetella proteins or 
fragments thereof in the same polypeptide. Alternatively, the invention also includes 
individual fusion proteins of Bordetella proteins or jSagments thereof, as a fiision 
protein with heterologous sequences such as a provider of T-cell epitopes or purification 

10 tags, for example: p-galactosidase, glutathione-S-transf^rase, green fluorescent proteins 
(GFP), epitope tags such as FLAG, myc tag, poly histidine, or viral surface proteins 
such as influenza virus haemagglutinin, tetanus toxoid, diphtheria toxoid, CRM197. 

Antigens of the invention 

1 . Autotransporter proteins 
15 Autotransporter proteins typically are made up of a signal sequence, a passenger domain 

and an anchoring domain for attachment to the outer membrane. Examples of 

autotransporter proteins mclude pertactin (SEQ ID 30), Vag8 (SEQ ID 32), BrkA (SEQ 

ID 34), TcfA. (SEQ ID 36) (Finn and Stevens (1995) Mol. Microbiol. 16; 625-634), Phg 

(SEQ ID 38), BipA (Stockbauer et al 2001; Molecular Microbiology 39; 65-78), BapA 

20 (SEQ lb 40), BapB (SEQ ID 42), BapC (SEQ ID 44), pertactm-like protein (SEQ ID 

46), Tcf-like protein (SEQ ID 48), extracellular serine protease (SEQ ID 50), YapE 

(SEQ ID 52), SphBl (SEQ ID 54). These antigens maybe derived from Bordetella 

pertussis or Bordetella parapertussis or other Bordetella strains. 

25 It is particularly advantageous to use the passenger domain of an autotranporter when it 
is included in a subunit vaccine. Table 2 above defines the passsenger domains of the 
autotransporter proteins Usted above. * 
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BipA contains 90 amino acid tandem repeats with 5 being present in the B. pertussis 
protein and 8 being present in the B. bronchiseptica protein. These repeats span from 
amino acid 581 to 1030 in B. pertussis and amino acids 581 to 1300 in B. 
bronchiseptica. Preferred fragments of BipA include amino acids 1031 to 1308, amino 
5 acids 941 to 1308, amino acids 851 to 1308, amino acids 761 to 1308, amino acids 671 
to 1308 and 581 to 1308 of the B. pertussis sequence (or sequences related to these that 
have 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 20, 30, 40 or 50 amino acids added or deleted from 
either or both of the N and C termini). 

10 2. Iron acquisition proteins 

Iron acquisition is of great importance to mammalian pathogens as iron is present in 
limiting conditions m the host and any iron that is present is sequestered by haem and 
other iron-chelating compounds. Iron from siderdphores and host iron-binding 
complexes is internalised through TonB-dependent outer membrane ferric complex 

15 rreceptors. Bordetella iron aquisition proteins include BfeA (SBQ ID 2), BfrB (SEQ 
ID 4), BfrC (SEQ ID 6), FauA (SEQ ID 8), ferric siderophore receptor (SEQ ID 10), 
Ferric alcaligin siderophore receptor (SEQ ID 12), iron tranport protein fiu (SEQ ID 
14), iron tranport protein fiu (SEQ ID 16), putative hydrxamate-type ferrisiderophore 
receptor signal peptide protein (SEQ ID 18) BhuR (SEQ ID 20) (Infection and 

20 Immunity 2001, 69; 695 1), tonb-dependent receptor (SEQ ID 22), tonb-dependent 
receptor (SEQ ID 24), ferrisiderophore receptor-like protein (SEQ ID 26) and tonb- 
dependent receptor Yncd precurser (SEQ ID 28). These proteins may be derived from 
Bordetella pertussiss^ Bordetella parapertussis or othCT Bordetella strains, preferably 
the former. 

25 

i. Lipoproteins 

BordetdflarHpoprotems-include^iemeAemepexin-uffisa^ 

ID 56), pihi protein (SEQ ID 58), immunogenic protein (SEQ ID 60), outer membrane 
30 lipoprotein precursor (SEQ ID 62), outer m^brane efflux protein precursor (SEQ ID 
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64), Opim (SEQ ID 66), outer membrane channel signal protein (SEQ ID 68), MltA 
(SEQ ID 70), MltB (SEQ ID 72), yccz precursor (SEQ ID 74), serine protease 
transmembrane protein (SEQ ID 76), pa4632 (SEQ ID 78), coml precursor (SEQ ID 
80), VacJ (SEQ ID 82), outer membrane lipoportein (SEQ ID 84), Flagelar l-ring 
5 protein (SEQ ID 86), Ydcl (SEQ ID 88), Pal (SEQ ID 90), OmlA (SEQ ID 92), 
Smc00354 (SEQ ID 94), Pep (SEQ ID 96) and lipoprotein (SEQ ID 98). 

The lipoproteins having the sequence of SEQ ID 56-96 contain a lipidation motif 
indicating that they would be lipidated and inserted into the membrane. In its simplest 
10 form, the lq>idation motif contains the concensus sequence LXXC. However, the 

concensus sequence is preferably close to die amino terminus of the sequence, within 
the larger concensus sequence:- 

<(M, V, L)~* {1, 40}~(D, E, R, K,*)6(L, I, V, M, F, W, S, T, A, G)2(U I, V, M, F, Y, S, 
15 T,A,G,C,Q)(A,G,S)C 

< indicates the amino terminus of the protein so that the first amino acid should be M, V 
or L. {1, 40} indicates that between 1 and 40 amino acids should be present between the 
first amino acid and the rest of the concensus sequence. (D, E, R, K, *)6 indicates that 

20 the next 6 amino acids should not be D, E, R or K. The following 2 amino acids should 
be one of the aliphatic amino acids indicated and is fneferably L. For the following 2 
amino acids, the amino acids shown in the parentheses should be present and tbs final 
amino acid of the sequence shold be C. These antigens may be derived firom Bordetella 
pertussis or Bordetella parapertussis, Bordetella bronchoseptica or other Bordetella 

25 steams, preferably the former. 

4. Adhesins 

A<ftieRing have a role in attaching Bordetella to a host cell and hence have imiK>rtant 
rol^-in-viculence^They indude filamentous haemaggtutinin (FHA) (Relman et al 
30 (198^) Proc Natl Acad Sci USA 86; 2634-2641), fimbriae (Fim) (Mobi et al (1992) 
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Microb Pathog 12; 127-135), pertactin (Roberts et al (1991) Mol Microbiol 5; 1393- 
1404) and BrkA ( Fernandez et al (1994) Infection and Immunity 62; 4727-4738). 
These antigens may be derived from Bordetella pertussis or Bordetella parapertussis, 
Bordetella bronchoseptica or otiber Bordetella strains, preferably the former. 

. 5 

5. Toxins 

Toxins include adenylate cyclase (CyaA) (Hewlett et al (1989) J. BioLChem. 264; 
19379-19384), pertussis toxin (Munoz et al (1981) Infect Immun 33; 820-826), demio- 

10 necrotic toxin (Dnt) (Livey (1984) J. Med. Microbiol. 17; 91-103 and 

lipopolysaccharides. Toxins also include proteins that are involved in the secretion of 
toxins since an immune response against the secretory mechanism would prevent the 
efficient functiomng of the secretory mechanism and lead to reduced toxin secretion. An 
example of such an antigen is the Type III secretion system (Yuk et al (2000) Mol. 

15 ^ficrobioL 35; 991-1004). These antigens may be derived from Bordetella pertussis or 
Bordetella parapertussis, Bordetella bronchoseptica or other Bordetella strains, 
preferably the former. 

Where toxin is described herein, non-toxic derivatives such as toxoids or mutant toxins 
20 are also envisaged to be covered by the term. 

Preferred combinations 

In a preferred embodiment of the combination of antigens of the invention, the 
25 immunogenic composition comprises at least one Bordetella iron acquisition protein 
selected from the group consisting of the polypeptide sharing at least 70%, 80%, 90%, 
95%, 97%, 98%, 99% or 100% amino acid identity with SEQ ID 2, 4, 6, 8, 10, 12, 14, 
1:6, 18 , 20 , 22 , 24 7^67^Sror^it-an%emc-fiagment-ttiereof: 
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In a particularly preferred embodiment of the invention, the immmiogenic composition 
comprises one, two or three of FHA, pertussis toxin and pertactin, (preferably FHA and 
PT; FHA and pertactm; FT and pertactin; or FHA, pertussis toxin and p^lactin) and 
further comprises at least one Bordetella iron acquisition protein selected &om the 
5 group consisting of the polypeptide sharing at least 70%, 80%, 90%, 95%, 97%, 98%, 
99% or 100% amino acid identity with SEQ ID 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 
26, 28, or an antigenic fragment thereof. 

In a further preferred embodiment of the invention, the immunogenic composition 
10 comprises at least one Bordetella autotransporter protein selected from the group 

consisting of BipA, the polypeptide sharing at least 70%, 80%, 90%, 95%, 97%, 98%, 
99% or 100% amino acid identity witii SEQ ID 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 
54, or an antigoiic fragment thereof preferably the passenger domain thereof 

15 hi a particularly preferred embodiment of the invention, the immunogenic composition 
comprises one, two or three of FHA, pertussis toxin and pertactin, (prefCTably FHA and 
PT; FHA and pertactin; PT and pertactin; or FHA, pertussis toxin and pertactin), 
andfurther comprises at least one Bordetella autotransporter protein selected from the 
groiqj consisting of BipA, the polypeptide sharing at least 70%, 80%, 90%, 95%, 97%, 

20 98%, 99% or 100% amino acid identity with SEQ ID 32, 34, 36, 38, 40, 42, 44, 46, 48, 
50, 52, 54, or an antigenic fragment thereof, preferably tiie passengCT domain thereof. 

In a frirfher preferred embodiment of the invention, the immunogenic composition will 
comprise at least one Bordetella lipoprotein selected from tiie group consisting of the 
25 polypeptide sharing at least 70%, 80%, 90%, 95%, 97%, 98%, 99% amino acid identity 
with SEQ ID 56, 58, 60, 62, 64, 66, 68, 70, 72, 74, 76, 78, 80, 82, 84, 86, 88, 90, 92, 94, 
96, 98 or an antigenic fragment thereof. 

In a particularly preferred embodiment of the invention, the inununogenic composition 
30 comprises one, two or three of FHA, pertussis toxin and pertactin, (preferably FHA and 
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PT; FHA and pertactin; PT and pertactin; or FHA, pertussis toxin and pCTtactin) at least 
one Bordetella lipoprotein selected from the group consisting of the polypeptide sharing 
at least 70%, 80%, 90%, 95%, 97%, 98%, 99% amino acid identity with SEQ ID 56, 58, 
60, 62, 64, 66, 68, 70, 72, 74, 76, 78, 80, 82, 84, 86, 88, 90, 92, 94, 96, 98 or an 
5 antigenic firagmient thereof. 

In a further preferred embodiment of the invention, the immunogenic composition 
comprises BrkA or an antigenic fragment thereof. 

10 In a further preferred CTibodiment of the invention, the immunogenic composition 

comprises at least one Bordetella toxin or antigens involved in toxin secretion selected 
from the group consisting of adenylate cyclase, dermonecrotic toxin (Dnt), Type m ss or 
lipopolysaccharide or an antigenic fragment thereof. 

15 The combination of FHA, pertussis toxin and pertactin is known to elicit a protective 
immune reponse and particularly preferred combinations of the invention will contain 
one, two or three of these constituents, optionally furhter comprising fim 2, fim 3 or fim 
2 and fim 3. 

A preferred immunogenic composition of the invention contains TcfA and at least 1, 2, 
3, 4, antigens selected from the list consisting of pertussis toxin, adenylate cyclase, LPS, 
BipA, Type III ss, BhuR, FHA, Fim, pertactin, BrkA, MltA, MlfB, VacJ, QmlA and 
Pep. Preferred combinations comprise TcfA and pertussis toxin, (optionally with 1, 2, 3, 
4 or 5 of BipA, BhuR, FHA, Fim, pertactm, BrkA, MltA, MltB, VacJ, QmlA and Pep); 
TcfA and adenylate cyclase (optionally with 1, 2, 3, 4 or 5 of BipA, BhuR, FHA, Fim, 
pertactin, BrkA, MltA, MltB, VacJ, OmlA and Pep); TcfA. and LPS (optionally with 1, 
2, 3, 4 or 5 of BipA, BhuR, FHA, Fim, pertactin, BrkA, MltA, MltB, VacJ, OmlA and 

-Pq^)i-T c fA andrBipAr(QptionaHy^wi & 1, 2, 3, 4 OF-S-ef-pertus^s-toganradenylate 

cyclase, LPS, Type Diss, BhuR, FHA, Fim, pertactin, BrkA, MltA, MltB, VacJ, QndA 
and Pep); TcfA and Type Diss (optionally with 1, 2, 3, 4 or 5 of potussis toxin, BipA, 
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BhuR , FHA, Fim, pertactin, BrkA, MltA, MltB, VacJ, OmlA andPcp); TcfA. and BhuR 
(optionally with 1, 2, 3, 4 or S of pertussis toxin, adenylate cyclase, LPS, BipA, Type 
mss, FHA, Fim, pertactin, BikA, MltA, MltB, VacJ, OmlA, PCP); TcfA and FHA 
(optionally with 1, 2, 3, 4 or 5 of pertussis toxin, adenylate cyclase, LPS, BipA, 
pertactin, BhuR, Type mss, MltA, MltB, VacJ, QmlA, Pqp); TcfA and a lipoprotein 
selected from MltA, MltB, VacJ, OmlA and Pep (optionally with 1, 2, 3, 4 or 5 of 
p^tossis toxin, adenylate cyclase, LPS, BipA, BhuR, Type Diss, Fim, pertactin, BrkA 
and FHA). 

A further preferred immunogenic composition of tide invention contains BipA and at 
least 1, 2, 3, 4, antigens selected from the list consisting of pertussis toxin, adenylate 
cyclase LPS, Type m ss, BhuR, FHA, Fim, pertactin, BrkA, MltA, MltB, VacJ, OmlA 
and Pq>. Preferred combinations comprise BipA and pertussis toxin, (optionally with 1, 
2, 3, 4 or 5 of BhuR, FHA, pertactin, Fim, BrkA, MltA, MltB, VacJ, OmlA and Pep), 
BipA and adenylate cyclase (optionally with 1, 2, 3, 4 or S of BhuR, FHA, pertactin, 
Fim, BikA, MltA, MltB, VacJ, OmlA and Pep); BipA and LPS (optionally with 1, 2, 3, 
4 or 5 of BhuR, FHA, Fim, pertactin, BrkA, MltA, MltB, VacJ, OmlA and Pep); BipA 
and Type IUss (optionally with 1, 2, 3, 4 or 5 of BhuR , FHA, Fim, pertactin, BrkA, 
pertussis toxin, MltA, MltB, VacJ, OmlA and Pep); BipA and BhuR (optionally with 1, 
2, 3, 4 pr 5 of pertussis toxin, adenylate cyclase, LPS, Type IUss, FHA, Fim, pertactia, 
BrkA, MltA, MltB, VacJ, OmlA and PCP); BipA and FHA (optionaUy with 1, 2, 3, 4 
or 5 of pertussis toxin, adenylate Q^clase, LPS, pertactin, BhuR, Type IQss, MltA, 
MltB, VacJ, OmlA and PCP); BipA and a lipoprotein selected from MltA, MltB, VacJ, 
OmlA and Pep (optionally with 1, 2, 3, 4 or 5 of pertussis toxin, adenylate cyclase, 
LPS, BhuR, Type IUss, Fim, pertactin, BrkA and FHA). 

A further preferred immunogenic composition of the invention contains B^ A and at 
least 1, 2, 3, 4, antig^is selected from the list consisting of pertussis toxin, adenylate 
(^clase, LPS, BipA, Type IH ss, BhuR, FHA, Fim, pertactin, BrkA , MltA, MltB, VacJ, 
OmlA and Pep. Preferred combinations conqnise BapA and pertussis toxin, (optionally 
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with 1, 2, 3, 4 or 5 of BipA, BhuR, FHA, Fim, pertactin, BrkA, MltA, MltB, VacJ, 
OmlA and Pep); BapA and adenylate cyclase (optionally with 1, 2, 3, 4 or 5 of BipA, 
BhuR, FHA, Fim, pertactin, BrkA, pertussis toxin, MltA, MltB, VacJ, QmlA and Pep); 
BapA and LPS (optionally with 1, 2, 3, 4 or 5 of BipA, BhuR, FHA, Fim, pertactin, 

5 BrkA, MltA, MltB, VacJ, QmlA and Pep); B^A and BipA (optionally with 1, 2, 3, 4 
or 5 of p^tussis toxin, adenylate cyclase, LPS, Type UIss, BhuR, FHA, Fim, pertactin, 
BrkA, MltA, MltB, VacJ, OmlA and Pep); BapA and Type UIss (optionally with 1, 2, 
3, 4 or 5 of pertussis toxin, adenylate cyclase, LPS, BipA, BhuR , FHA, Fim, pertactin, 
BrkA, MltA, MltB, VacJ, OmlA and Pep); BapA and BhuR (optionally with 1, 2, 3, 4 

10 or 5 of pertussis toxin, adenylate cyclase, LPS, BipA, Type Hiss, FHA, Fim, pertactin, 
BrkA, MltA, MltB, VacJ, QmlA and Pep); B^A and FHA (optionally witii 1, 2, 3, 4 or 
S of pertussis toxin, adenylate cyclase, LPS, BipA, BhuR, Fim, pertactin, BikA, Type 
mss, MltA, MltB, VacJ, QmlA and Pep); BapA and a lipoprotein selected &om MltA, 
MltB, VacJ, QmlA and Pep (optionally with 1, 2, 3, 4 or 5 of pertussis toxin, adenylate 

15 cyclase, LPS, BipA, Fim, pertactin, BrkA, BhuR, Type Hiss and FHA). 

A further preferred immimogenic composition of the invention contains BapB and at 
least 1, 2, 3, 4, antigens selected from the Ust consisting of pertussis toxin, adenylate 
cyclase, LPS, BipA, Type m ss, BhuR, FHA, Fim, pertactin, BikA, MltA, MltB, VacJ, 

20 QmlA and Pqp. Preferred combinations comprise BapB and pertussis toxin, (optionally 
with 1, 2, 3, 4 or 5 of BipA, BhuR, FHA, Fim, pertactin, BrkA, MltA, MltB, VacJ, 
QmlA and Pep); BapB and aden^date cyclase (optionally with 1, 2, 3, 4 or 5 of BipA, 
BhuR, FHA, Fim, pertactin, BrkA, MltA, MltB, VacJ, QmlA and Pep); BapB and LPS 
(optionally with 1, 2, 3, 4 or 5 of BipA, BhuR, FHA, Fim, pertactin, BrkA, MltA, 

25 MltB, VacJ, OmlA and Pep); BapB and BipA (optionally witii 1, 2, 3, 4 or 5 of 

pertussis toxin, adCTiylate cyclase, LPS, Type Hiss, BhuR, FHA, Fim, pertactin, BrkA, 
MltA, MltB, VacJ, OmlA and Pq?); BapB and Type Hiss (optionally with 1, 2, 3, 4 or 5 
of pertussis toxin, BipA, BhuR , FHA, Fun, pertactin, BrkA, MltA, MltB, VacJ, QmlA 
and Pep); BapB and BhuR (optionally with 1, 2, 3, 4 or S of pertussis toxin, adenylate 

30 cyclase, LPS, BipA, Type Hiss, FHA, Fun, pertactin, BrkA, MltA, MltB, VacJ, QmlA 
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and Pep); BapB and FHA (optionaUy with 1, 2, 3, 4 or 5 of pertussis toxin, adenylate . 
cyclase, LPS, BipA, Fim, pertactin, BikA, BhuR, Type fflss, MltA, MltB, VacJ, QmlA 
and Pep); Bq)B and a lipoprotein selected ftom MltA, MMB, VacJ, OmlA and Pep 
(optionally with 1, 2, 3, 4 or 5 of pertussis toxin, adraiylate cyclase, LPS, BipA, BhuR, 
5 Type Hiss, Fim, pertactin, BrkA and FHA). 

A furflier preferred immunogenic composition of the invention contains BapC and at 
least 1, 2, 3, 4, antigens selected from the list consisting of pertussis toxin, adaiylate 
cyclase, LPS, BipA, Type IE ss, BhuR, FHA, Fim, pertactin, BrkA, MltA, MltB, VacJ , 
10 OmlA and PCP. Preferred combinations conqirise B^C and pertussis toxin, (optionally 
with 1, 2, 3, 4 or 5 of BipA, BhuR, FHA, Fim, pertactin, BikA, MltA, MltB, VacJ, 
OmlA and Pep); B^C and adenylate cyclase (optionally with 1, 2, 3, 4 or 5 of BipA, 
BhuR, FHA, Fim, pertactin, BricA, MltA, MltB, VacJ, OmlA and Pep); BapC and LPS 
(optionally with 1, 2, 3, 4 or 5 of BipA, BhuR, FHA, Fim, pertactin, BikA, MltA, 
15 MltB, VacJ, OmlA and Pep); BapC and BipA (optionally with 1, 2, 3, 4 or 5 of 

pertussis toxm, adenylate cyclase, LPS, Type UIss. BhuR, FHA, Fun, pertactin, BrkA, 
MltA, MltB, VacJ, OmlA and Pep); BapC and Type Diss (optionaUy with 1, 2, 3, 4 or 5 
of pertussis toxin, BipA, BhuR , FHA, Fim, pertactin, BrkA, MltA, MltB, VacJ, OmlA 
and Pep); BapC and BhuR (optionally with 1, 2, 3, 4 or 5 of pertussis toxin, adenylate 
20 cyclase, LPS, BipA. Type UIss, FHA, Fim, pratactin, BikA, MltA, MltB, VacJ, OmlA 
and Pep); BapC and FHA (optionally with 1, 2, 3, 4 or 5 of pertussis toxin, adenylate 
cyclase, LPS, BipA, BhuR, Type Hiss, pertactin, MltA, MltB, VacJ, OmlA and Pep); 
B^C and a Upoprotein selected ftom MltA, MMB, VacJ, OmlA and PCP (optionally 
with 1, 2, 3, 4 or 5 of pertussis toxin, adenj^ate cyclase, LPS, BipA, BhuR, Type lUss, 
25 Finiy-pertactin, BikA and FHA). 

A-fur&er i^efened immunogenic composition of the invention contains pertactin and at 
least 1, 2, 3, 4, antigens selected ftom flie list consisting of pertussis toxin, adraiylate 
cydaseO^, BipA, Type IH ss, BhuR, FHA, Fim, BrkA. MltA, MltB, VacJ, OmlA and 
30 PCP. Preferred combinations ccrnqnise pertactin and pertussis toxin, (optionally wifli 1, 
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2,3,4or5of Bip A, BhuR, FHA, Fim, BikA, MltA, MltB, VacJ, OmlA and Pep); 
pertactin and adenylate cyclase (optionally with 1, 2, 3, 4 or S of BipA, BhuR, FHA, 
Fim, BrkA, MltA, MltB, VacJ, QmlA and Pep), pertaetin and LPS (optionally with 1, 
2, 3, 4 or 5 of BipA, BhuR, FHA, Fim, BrkA, MltA, MltB, VacJ, OmlA and Pep); 

5 pertaetin and BipA (optionally with 1, 2, 3, 4 or 5 of pertussis toxin, adenylate cyclase, 
LPS, Type IIIss, BhiiR, FHA, Fim, BrkA, MltA, MltB, VacJ, OmlA and Pep); pertaetin 
and Type Hiss (optionally with 1, 2, 3, 4 or 5 of pertussis toxin, BipA, BhuR , FHA, 
Fim, BikA, MltA, MltB, VacJ, OmlA and Pep); pertaetin and BhuR (optionally with 1, 
2, 3, 4 or 5 of pertussis toxin, adenylate cyclase, LPS, BipA, Type mss, FHA, Fim, 

10 BrkA, MltA, MltB, VacJ, OmlA and Pep); pertaetin and FHA ( optionally with 1, 2, 3, 
4 or 5 of pertussis toxin, adenylate cyclase, LPS, BipA, BhuR, Type mss, MltA, MltB, 
VacJ, OmlA and Pq>), pertaetin and a lipoprotein selected from MltA, MltB, VacJ, 
OmlA and PCP (optionally wifli 1, 2, 3, 4 or 5 of pertussis toxin, adenylate cyclase, 
LPS, BipA, BhuR, Type Diss, Fim, BrkA and FHA). 

15 

A further preferred immunogenic composition of the invention contains pert^tin-like 
protein and at least 1, 2, 3, 4, antigens selected from the list consisting of pertussis 
toxin, adenylate cyclase, LPS, BipA, Type III ss, BhuR, FHA, pertaetin, Fim, BrkA, 
MltA, MltB, VacJ, OmlA and Pep. Preferred combinations comprise p^taetin-like 

20 protein and pertussis toxin, (optionally with 1, 2, 3, 4 or 5 of BipA, BhuR, FHA, 

pertaetin, Fim, BrkA, MltA, MltiB, VacJ, OmlA and Pep); pertactin-like protein and 
adenylate cyclase (optionally with 1, 2, 3, 4 or 5 of BipA, BhuR, FHA, pertaetin, Fim, 
BrkA, MltA, MltB. VacJ, OmlA and Pep); pertactin-like protein and LPS (optionally 
with 1, 2, 3, 4 or 5 of BipA, BhuR, FHA, pertaetin, Fim, BrkA, MltA, MltB, VacJ, 

25 OmlA and PCP); pertactin-like protein and BipA (optionally with 1, 2, 3, 4 or 5 of 

pertussis toxin, adenylate cyclase, LPS, Type Hiss, BhuR, FHA, pertaetin, Fim, BrkA, 
MltA, MltB, VacJ, OmlA and Pep); pertactin-like protein and Type mss (optionaUy 
with 1, 2, 3, 4 or 5 of pertussis toxin, BipA, BhuR , FHA, pertaetin, Fim, BikA, MltA, 
MltB, VacJ, OmlA and Pep); pertactin-Uke protein and BhuR (c^onally with 1, 2, 3, 4 

30 or 5 of pertussis toxin, admylate cyclase, LPS, BipA, Type mss, FHA, pertaetin, Fim, 
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BrkA, MltA, MltB, VacJ, OmlA, Pep); pertactin-like protein and FHA (optionally with 
1, 2, 3, 4 or 5 of pertussis toxin, adenylate cyclase, LPS, BipA, BhuR, pertactin, Fim, 
BrkA, Type Hiss, MltA, MltB, VacJ, OmlA, Pep); pertactin-like protein and a 
apoprotein selected from MltA, MltB, VacJ, OmlA and Pep (optionally with 1, 2, 3, 4 
or 5 of pertussis toxin, adenylate cyclase, LPS, BipA, BhuR, Type IIIss, pertactin, Fim, 
BrkA and FHA). 

A further preferred immunogenic composition of the invention contains YapE and at 
least 1, 2, 3, 4, antigens selected from the list consisting of pertussis toxin, adenylate 
10 cyclase, LPS, BipA, Type m ss, BhuR, FHA, pertactin, Fim, BrkA, MltA, MltB, VacJ, 
OmlA, Pep. Preferred combinations eonqnise YzpB and pertussis toxin, (optionaUy 
with 1, 2, 3, 4 or 5 of BipA, BhiiR, FHA, pertactin, Fim, BrkA, MltA, MltB, VacJ, 
OmlA, Pep); Y^E and adenylate <q«;lase (optionally with 1, 2, 3, 4 or 5 of BipA, 
BhuR, FHA, pertactin, Fim, BikA, MltA, MltB, VacJ, OmlA, Pep); YapE and LPS 
15 (optionally with 1, 2, 3, 4 or 5 of BipA, BhuR, FHA, pertactin, Fim, BrkA, MltA, 
MltB, VacJ, OmlA, Pep); YapE and BipA (optionally with 1, 2, 3, 4 or 5 of pertussis 
toxin, adenylate cyclase, LPS, Type Hiss, BhuR, FHA, pertactin, Fim, BrkA, MltA, 
MltB, VacJ, OmlA, Pep); YapE and Type Hiss (optionally with 1, 2, 3, 4 or 5 of 
pertussis toxin, BipA, BhuR , FHA, pertactin, Fim, BrkA, MltA, MltB, VacJ, OmlA, 
20 Pep); YapE and BhuR (optionally with 1, 2, 3, 4 or 5 of pertussis toxin, adenylate 

cyclase, LPS, BipA, Type Diss, FHA, pertactin, Fim. BrkA, MltA, MltB, VacJ, OmlA, 
Pep); YapE and FHA (optionally witii 1, 2, 3, 4 or 5 of pertussis toxin, adenylate 
cyclase. LPS, BipA, BhuR, Type Hiss, pertactin, MltA, MltB, VacJ, OmlA, Pep); YapE 
and a Upoprotein selected from MltA, MltB, VacJ, OmlA, Pep (optionally with 1, 2, 3, 
25 4 or 5 of pertussis toxin, adenylate cyclase, LPS, BipA, BhuR, Type Diss, pertactin, 
Fim, BrkA and FHA). 

A fiffther preferred immunogenic composition of the invention contains BrkA and at 
least 1, 2, 3, 4. antigens selected from the list consisting of pertussis toxin, adenylate 
30 cyclase, LPS, BipA, Type HI ss, BhuR, FHA. pertactin, Fim, MltA, MltB, VacJ, OmlA, 
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Pep. Preferred combinations comprise BrkA and pertussis toxin, (optionally with 1, 2, 3, 
4 or 5 of BipA, BhuR, FHA, pertactin, Fim, MltA, MltB, VacJ, OmlA, Pep); BrkA and 
adenylate cyclase (optionally with 1, 2, 3, 4 or 5 of BipA, BhuR, FHA, pertactin. Fun, 
MltA, MltB, VacJ, OmlA, Pq)); BrkA and LPS (optionally with 1, 2, 3, 4 or 5 of BipA, 

5 BhuR, FHA, pertactin, Fim, MltA, MltB, VacJ, OmlA and Pep); BikA and BipA 
(optionally with 1, 2, 3, 4 or 5 of pertussis toxin, adenylate cyclase, LPS, Type IUss, 
BhuR, FHA, pertactin, Fim, MltA, MltB, VacJ, OmlA, Pep), BikA and Type Hiss 
(optionally with 1, 2, 3, 4 or 5 of pertussis toxin, BipA, BhuR , FHA, pertactin, Fim, 
MltA, MltB, VacJ, OmlA, Pep); BrkA and BhuR (optionally with 1, 2, 3, 4 or 5 of 

10 pertussis toxin, adenylate cyclase, LPS, BipA, Type lEss, FHA, pertactin, Fim, MltA, 
MltB, VacJ, OmlA, Pep); BrkA and FHA (optionally with 1, 2, 3, 4 or 5 of pertussis 
toxin, adenylate cyclase, LPS, BipA, BhuR, Type Hiss, pertactin, MltA, MltB, VacJ, 
OmlA, Pqp); BikA and a lipoprotein seleetd fiom MltA, MltB, VacJ, OmlA and Pqp 
(optionally with 1, 2, 3, 4 or 5 of pertussis toxin, adraiylate cyclase, LPS, BipA, BhuR, 

15 Type IUss, pertactin, Fim and FHA). 

A further preferred immunogenic composition of the invention contains FHA and at 
least 1, 2, 3, 4, antigens selected from the list consisting of pertussis toxin, adenylate 
cyclase, LPS, BipA, Type m ss, BhuR, BikA pertactin, Fim, MltA, MltB, VacJ, OmlA 

20 and Pep. Prefared combinations comprise FHA and pertussis toxin, (optionally with 1 , 
2, 3, 4 or 5 of BipA, BhuR, BrkA, pertactin, Fim , MltA, MltB, VacJ, OmlA and Pep); 
FHA and adenylate cyclase (optionally with 1, 2, 3, 4 or 5 of BipA, BhuR, BrkA, 
pertactin, Fim , MltA, MltB, VacJ, OmlA and Pep); FHA and LPS (optionally with 1, 
2, 3, 4 or 5 of BipA, BhuR, BrkA, pertactin, Fim , MltA, MltB, VacJ, OmlA and Pq)); 

25 FHA and BipA (optionally with 1 , 2, 3, 4 or 5 of pertussis toxin, adenylate cyclase, 
LPS, Type Hiss, BhuR, BrkA, pertactin, Fim , MltA, MltB, VacJ, OmlA and Pep); 
FHA and Type Diss (optionally with 1, 2, 3, 4 or 5 of pertussis toxin, BipA, BhuR, 
BrkA, pertactin, Fim, MltA, MltB, VacJ, OmlA and Pep); FHA and BhuR (optionally 
with 1, 2, 3, 4 or 5 of pertussis toxin, adenylate cyclase, LPS, BipA, Type IUss, BrkA, 

30 pertactin, Fim , MltA,MliB, VacJ, OmlA and Pep); FHA and a lipoprotein selected 
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fiom MltA, MltB, VacJ, OmlA and Pqp (optionaUy with 1, 2, 3, 4 or 5 of pertussis 
toxin, adenylate cyclase, LPS, BipA, BhuR, Type Hiss, pertactin, Fim and BikA). 

A further preferred inununogenic composition of the invention contains BhuR and at 

5 least 1, 2, 3, 4, antigens selected fiom the list consisting of pertussis toxin, adoiylate 
cyclase, LPS, TcfA, B^A, BapB, BapC, pertactin, pertactin-like protein, YapB, BrkA, 
BipA, Type EI ss, FHA, Fim , MltA, MltB, VacJ, OmlA and Pep. Preferred 
combinations comprise BhuR and pertussis toxin (optionally with 1, 2, 3, 4 or 5 of 
TcfA, BapA, Bs^B, B^C, pertactin, pertactin-like protein, YapE, BrkA, BipA, FHA, 

10 Fim , MltA, MltB, VacJ, OmlA and Pep); BhuR and adenylate cyclase (optionally with 
1, 2, 3, 4 or 5 of TcfA, B£^A, B£q)B, Bs^C, pertactin, pertactin-like protein, Yjq)B, 
BrkA, BipA. pertussis toxin, FHA, Fim, BikA , MltA, MltB, VacJ, OmlA and Pep); 
BhuR and LPS (optionaUy with 1, 2, 3, 4 or 5 of Tcf^, B^A, BapB, BapC, pertactin, 
pertactin-like protein, YapE, BikA, BipA, pertussis toxin, FHA, Fim, BrkA , MltA, 

1 5 MltB, VacJ, OmlA and Pep); BhuR and TcfA (optionaUy with 1 , 2, 3, 4 or 5 of 

pertussis toxin, adenylate cyclase, LPS, BipA, Type IIIss, FHA, Fim, pertactin, BrkA , 
MltA, MltB, VacJ, OmlA and Pep); BhuR and BapA (optionally with 1, 2, 3, 4 or 5 of 
pertussis toxin, adenylate cyclase, LPS, BipA, Type Hbs, FHA, Fim, pertactio, BrkA , 
MltA, MltB, VacJ, OmlA and Pep); BhuR and B^B (optionaUy with 1, 2, 3, 4 or 5 of 

20 pertussis toxin, adoiylale cyclase, LPS, BipA, Type mss, FHA, Fim, pertactin, BrkA , 
MltA, MltB, VacJ, OmlA and Pep); BhuR and B^C (optionaUy with 1, 2, 3, 4 or 5 of 
pertussis toxin, adenylate cyclase, LPS, BipA, Type Hiss, EEIA, Fim, pertactin, BricA , 
MltA, MltB, VacJ, OmlA and Pep); BhuR and pertactin (optionaUy with 1, 2, 3, 4 or 5 
of pertussis toxin, adenylate cyclase, LPS, BipA, Type mss, FHA, Fim, pertactin, BrkA 

25 , MltA, MltB, VacJ, OmlA and Pep); BhuR and pertactin-like protein (optionaUy with 
1, 2, 3, 4 or 5 of pertussis toxin, adenylate cyclase, LPS, BipA, Type UIss, FHA, Fim, 
pertactin, BrkA , MltA, MltB, VacJ, OmlA and Pep); BhuR and YapE (optionally with 
1, 2, 3, 4 or 5 of pertussis toxin, adenyl^ cyclase, LPS, BipA, Type Hiss, FHA, Fim, 
pertactin, BrkA , MltA, MltB, VacJ, OmlA and Fcp); BhuR and BrkA (optionaUy with 

30 1 , 2, 3, 4 or 5 of pertussis toxin, adenylate cyclase, LPS, BipA, Type Hiss, FHA, Fim, 
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pertactin, BrkA , MltA, MltB, VacJ, OmlA and Pq)); BhuR and a lipop]:otem selected 
from MltA, MltB, VacJ, OmlA and Pep (optionaUy with 1, 2, 3, 4 or 5 of pertussis 
toxin, adenjdate cyclase, LPS, TcfA, BapA, B^B, B^C, pertacin, pertactta-like 
protein, Y^E, BrkA, BipA, Type Hiss, Fim and FHA). 

5 

A further preferred immunogenic composition ofthe invention contains MltA and at 
least 1, 2, 3, 4, antigens selected from the list consisting of pertussis toxin, adenylate 
cyclase, LPS, TcfA, BapA, BapB, BapC, pertactin, pertactin-like protein, YapE, BrkA, 
BipA, Type m ss, BhuR, Fim and FHA. Preferred combinations comprise MltA, and 

10 pertussis toxin (optionally with 1, 2, 3, 4 or 5 of TcfA, B^A, BapB, B^C, pertactin, 
pertactin-like protein, Yq)E,BikA, BipA, FHA, Fim and BhuR); MltA and adenylate 
cyclase (optionally with 1, 2, 3, 4 or 5 of Tcf^ Bq>A, B^B, BapC, pertactin, 
pertactin-like protein, YapE, BrkA, BipA, pertussis toxin, FHA, Fim and BhuR); MltA 
and LPS (optionally with 1, 2, 3, 4 or 5 of TcfA, BapA, BapB, BspC, pertactin, 

15 pertactin-like protein, YapE, BrkA, BipA, pertussis toxin, FHA, Fim and BhuR); MltA 
and TcfA. (optionally with 1, 2, 3, 4 or 5 of pertussis toxin, adenylate cyclase, LPS, 
BipA, Type niss, FHA, Fim, pertactin, BrkA and BhuR); MltA and BapA (optionally 
with 1, 2, 3, 4 or 5 of pertussis toxin, adenylate cyclase, LPS, BipA, Type Hiss, FHA, 
Fim, pertactin, BrkA and BhuR); MltA and BapB (optionally with 1, 2, 3, 4 or 5 of 

20 pertussis toxin, adenylate cyclase, LPS, BipA, Type lEfes, FHA, Fim, pertactin, BrkA 
and BhuR); MltA and Bq)C (optionally with 1, 2, 3, 4 or 5 of pertiissis toxin, 
adenylate cyclase, LPS, BipA, Type Hiss, FHA, Fim, pertactin, BrkA and BhuR); MltA 
and pertactin (optionally with 1, 2, 3, 4 or 5 of pertussis toxin, adenylate cyclase, LPS, 
BipA, Type Diss, FHA, Fim, BrkA and BhuR); MltA and pertactin-like protein 

25 (optionally with 1, 2, 3, 4 or 5 of pertussis toxin, adenylate cyclase, LPS, BipA, Type 
niss, FHA, Fim, pertactin, BrkA and BhuR); MltA and YapE (optionally wifli 1, 2, 3, 4 
or 5 of pertussis toxin, adenylate cyclase, LPS, BipA, Type lUss, FHA, Fim, pertactin, 
BrkA and BhuR); MltA and BikA (optionaUy with 1, 2, 3, 4 or 5 of pertiissis toxin, 
adenylate cyclase, LPS, BipA, Type Kiss, FHA, Fim, pertactin and BhuR); MltA and 

30 BhuR (optionally wifli 1, 2, 3, 4 or 5 of pCThissis toxin, aden>date qyclase, LPS, TcfA, 
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BapA, B^B, Bq)C, pertacm, pertactin-like protein, Y^E, BikA, BipA, Type IHss, Fim 
andFHA). 

A further prefOTed immunogenic composition of the invention cmitains pertussis toxin 
5 and at least 1 , 2, 3, 4, antigens selected fiom the list consisting of TcfA, B^A, B^B, 
BapCpertactin, pertactin-like protein, YapE,BrkA, BipA, BhuR, FHA , MltA,MltB, 
VacJ, OmlA and Pep. Preferred combinations comprise pertussis toxin and TcfA 
(optionally with 1, 2, 3, 4 or 5 of BipA, BhuR, FHA, Fim, pertactin, BrkA , MltA, 
MltB, VacJ, OmlA and Pep); pertussis toxin and B^A (optionally with 1, 2, 3, 4 or 5 of 
10 BipA, BhuR, FELA, Fim, pertactin, BrkA, MltA, MltB, VacJ, OmlA and Pep); pertussis 
toxin and BapB (optionally witti 1, 2, 3, 4 or 5 of BipA, BhuR, FHA, Fim, pertactin, 
BikA , MltA, MltB, VacJ, OmlA and Pep); pertussis toxin and BapC (optionally with 
1, 2, 3, 4 or 5 of BipA, BhuR, FHA, Fim, pertactin, BrkA , MltA, MltB, VacJ, OmlA 
and Pep); pertussis toxin and pertactin (optionally with 1, 2, 3, 4 or 5 of BipA, BhuR, 
15 FHA, Fim, BrkA , MltA, MltB, VacJ, OmlA and Pep); pertussis toxin and pertactin- 
like protein (optionally with 1, 2, 3, 4 or 5 of BipA, BhuR, FHA, Fim, pertactin, BrkA 
, MltA, MltB, VacJ, OmlA and Pep); pertussis toxin and YapE (optionally with 1, 2, 3, 
4 or 5 of BipA, BhuR, FHA, Fim, pertactin, BrkA , MltA, MltB, VacJ, OmlA and 
Pep); pCTtussis toxin and BikA (optionally with 1, 2, 3, 4 or 5 of BipA, BhuR, FHA, 
20 Fim, pertactin, MltA, MltB, VacJ, OmlA and Pep); pertussis toxin and BhuR 

(optionally with 1, 2, 3, 4 or 5 of TcfA, BapA, BapB, BapC, pertactin, pertactin-like 
protein, Y^E, BikA, BipA, FHA, Fim , MltA. MltB, VacJ, OmlA and Pep); pertussis 
toxin and MltA, MltB (optionally with 1, 2, 3, 4 or 5 of TcfA, BapA, BapB, BapC, 
pertactin, pertactin-like protein, YapE, BrkA, BipA, FHA, Fim and BhuR). 

25 

A fiirther preferred immunogenic composition of the invention contains adenylate 
cyclase said at least 1, 2, 3, 4, antigens selected from the list consisting of TcfA, BapA, 
BapB, BapC, pertactin, pertactin-like protein, YapE, BrkA, BipA, BhuR, FHA, Fim, 
pAfhiBcig tftviti , MltA^JMBB, VacJ, OmlA and Pep. Preferred combinations compdse 
30 adenjto cyclase and TcfA (optionally with 1,2, 3, 4 or 5 of BipA, BhuR, FHA, Fim, 
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pCTtactin, BrkA, pertussis toxin , MltA, MltB, VacJ, OmlA and Pep); adenylate cyclase 
and BapA (optionally with 1, 2, 3, 4 or 5 of BipA, BhuR, FHA, Fim, pertactin, BrkA, 
pCTtussis toxin , MltA, MltB, VacJ, OmlA and Pep); adenylate cyclase and BapB 
(optionaUy with 1, 2, 3, 4 or 5 of BipA, BhuR, FHA, Fim, pertactin, BrkA, pertussis 

5 toxin , MltA, MltB, VacJ, OmlA and Pep); adenylate cyclase and BapC (optionally 
with 1, 2, 3, 4 or 5 of BipA, BhuR, FHA, Fim, pertactin, BrkA, pertussis toxin , MltA, 
MltB, VacJ, OmlA and Pep); adenylate cyclase and pertactin (optionally with 1, 2, 3, 4 
or 5 of BipA, BhuR, FHA, Fim, pertactin, pertussis toxin , MltA, MltB, VacJ, OmlA 
and Pep); adenylate cyclase and pertactin-like protein (optionally with 1, 2, 3, 4 or 5 of 

10 BipA, BhuR, FHA, Fim, pertactin, BikA, pertussis toxin , MltA, MltB, VacJ, OmlA 
and Pep); ad^^ylate cyclase and Yj^E (optionally witii 1, 2, 3, 4 or 5 of BipA, BhuR, 
FHA, Fim, pertactin, BrkA, pertussis toxin , MltA, MltB, VacJ, OmlA and Pep); 
adenylate cyclase and BrkA (optionally with 1, 2, 3, 4 or 5 of BipA, BhuR, FHA, Fim, 
pertactin, pertussis toxin , MltA, MltB, VacJ, OmlA and Pep), adenylate cyclase and 

15 BhuR (optionally with 1, 2, 3, 4 or 5 of TefA, B^A, BapB, BapC, pertactin, pertactin- 
like protein, Y^E, BrkA, BipA, FHA, Fim pertussis toxin , MltA, MltB, VacJ, OmlA 
and Pep); adenylate cyclase and MltA, MlflB (optionally with 1, 2, 3, 4 or 5 of Tefi\, 
BapA, BapB, BapC, pertactin, pertactin-like protein, YapE, BikA, BipA, FHA, Fim, 
pertussis toxin and BhuR). 

20 

A further preferred immunogenic compositioa of the invention contains LPS and at least 
1, 2, 3, 4, antigens selected fix>m the list condsting of TcfA, BapA, B£q>B, B£q>C, 
pertactin, pertactin-like protein, Yq>E, BikA, BipA, BhuR, FHA, Fim, pertussis toxin , 
MltA, MltB, VacJ, OmlA and Pep. Preferred combinations comprise LPS and TefA 

25 (optionally with 1, 2, 3, 4 or 5 of BipA, BhuR, FHA, Fim, pertactin, BrkA, pertussis 
toxin , MltA, MltB, VacJ, OmlA. and Pep); LPS and BapA (optionally with 1, 2, 3, 4 or 
5 of BipA, BhuR, FHA, Fim, pertactin, BrkA, pertussis toxin , MltA, MltB, VacJ, 
OmlA. and Pep); LPS and BapB (optionally with 1, 2, 3, 4 or 5 of BipA, BhuR, FHA, 
Fim, pertactin, BrkA, pertussis toxin , MltA, MltB, VacJ, OmlA and Pep); LPS and 

30 Bq)C(optionalIywithl,2,3,4or5of BipA, BhuR, FHA, Fim, pertactin, BikA, 
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pertussis toxin , MltA, MltB, VacJ, OmlA and Pq)); LPS and pertactin (optionally witti 
1, 2, 3, 4 or 5 of BipA, BhuR, FHA, Fim, BikA, pertussis toxin , MltA, MltB, VacJ, 
QmlA and Pep); LPS and pertactin-like protein (optionally with 1 , 2, 3, 4 or 5 of BipA, 
KiuR, FHA, Fim, pertactin, BrkA, portussis toxin , MltA, MltB, VacJ, QmlA and Pq)); 
5 LPS and Yq>B (optionally with 1,2, 3, 4 or 5 of BipA, BhuR, FHA, Fim, pertactin, 
BrkA, pertussis toxin , MltA, MltB, VacJ, OmlA and Pep); LPS and BrkA (optionally 
with 1, 2, 3, 4 or 5 of BipA, BhuR, FHA, Fim, pertactin, pertussis toxin , MltA, MltB, 
VacJ, OmlA and Pep); LPS and BhuR (optionally with 1, 2, 3, 4 or 5 of TcfA, B^A, 
B£^B, BapC, pertactin, pertactin-like protem, YapE, BikA, BipA, FHA, Fim, pertussis 
. 10 toxin , MltA, MltB, VacJ, OmlA and Pep); LPS and MltA (optionally with 1, 2, 3, 4 or 
5 of TcfA, B^A. BsqpB, BapC, pertactin, pertactin-like protein, YapE, BrkA, BipA, 
FHA, Fim and pertussis toxin and BhuR). 

A further preferred combination of the invention contains one, two or three of FHA, 
15 pertactin, pertussis toxmCprefarably FHA and pertactin, FHA and pertussis toxin, 

pertactin and pertussis toxin or FHA, patactin and pertussis toxin) and an additional 1, 2, 
3 or 4 antigens selected fiom the group consisting of TcfA, BipA, BapA, BapB, BapC, 
pertactin-like protein, Y^E, BhuR, Fim, BricA, adenylate cyclase. Type in ss , MltA, 
MltB, VacJ, QmlA and Pep. A preferred combinattons contains FHA, pertactin, potussis 
20 toxin and BhuR. A fiirtha^prefenied combination contaim FHA, pertactin, pertussis toxin 
, and MltA. A finlfajra: preferred combination contains FHA, pertactiii, pertussis toxin, 
and MltB. A further preferred combination contains FHA, pertactin, potussis toxin and 
VacJ. A fiirther inrefaxed combination contains FHA, pertactin, pertussis toxin and QmlA. 
A fiirthar preferred combination contains FHA, pertactin, pertussis toxin and Pep. A 
25 fiirths- preferred combination contains FHA, pertactin, pertussis toxin, a Upoprotein 
(preferably MltA, MltB, VacJ, OmlA or Pep) and BhuR. 

A preferred immunogenic composition of the invration comprises FHA, pertussis toxin 
and BrkA or a protein sharing at least 70, 80, 90, 95, 97, 98, 99 or 100% identity with 
30 SEQ ID 34, preferably further comprising pertactin. 
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A preferred immunogenic composition of the invention comprises FHA, pertussis toxin 
and BhuR or a protein sharing at least 70, 80, 90, 95, 97, 98, 99 or 100% identity with 
SEQ ID 20, preferably fiirther comprising pertactin. 

5 

A preferred immunogenic composition of the invention comprises FHA, pertussis toxin 
and BapA or a protein sharing at least 70, 80, 90, 95, 97, 98, 99 or 100% identity with 
SEQ ID 40, preferably further comprising pertactirL 

10 A preferred insmtmog^c composition of the invention comprises FHA, pertussis toxin 
and B^B or a protein sharing at least 70, 80, 90, 95, 97, 98, 99 or 100% identity with 
SEQ ID 42, preferably furth^ comprising pertactin. 

A preferred immunogenic composition of the invention comprises FHA, pertussis toxin 
15 and BapC or a protein sharing at least 70, 80, 90, 95, 97, 98, 99 or 100% identity with 
SEQ ID 44, preferably fiirfher comprising pertactin. 

A preferred immunogenic composition of the invention comprises FHA, pertussis toxin 
and YapE, preferably further comprising p^tactin. 

20 

A preferred immunogenic composition of the invention comprises FHA, pertussis toxin 
and VacJ or a protein sharing at least 70, 80, 90, 95, 97, 98, 99 or 100% identity with 
SEQ ID 82, preferably further comprising pertactin. 

25 A preferred immunogenic composition of the invaition comprises FHA, p^tussis toxin 
and QmlA or a protein sharing at least 70, 80, 90, 95, 97, 98, 99 or 100% identity with 
SEQ ID 92, preferably further comprising pertactin. 
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A preferred immunogenic conqposition of the invention comprises FHA, pertussis toxin 
and Pep or a protein sharing at least 70, 80, 90, 95, 97, 98, 99 or 100% identity with 
SEQ ID 96, preferably further comprising pertactin. 

5 A preferred immunogenic composition of the invention comprises FHA, pertussis toxin 
and MltA or a protein sharing at least 70, 80, 90, 95, 97, 98, 99 or 100% identity with 
SEQ ID 70, preferably further comprising pertactin. 

A preferred immunogenic composition of the invention comprises FHA, pertussis toxin 
10 and MltB or a protein sharing at least 70, 80, 90, 95, 97, 98, 99 or 100% identity with 
SEQ ID 72, preferably further comprising pertactin. 

A preferred immunogenic composition of the invoition comprises FHA, p^tussis toxin 
and TcfA or a protein sharing at least 70, 80, 90, 95, 97, 98, 99 or 100% identity with 
1 5 SEQ ID 36, preferably further comprismg pertactin. 

A preferred immunogenic composition of the invention comprises FHA, pertussis toxin 
and adenylate cyclase, preferably further comprising pertactin. 

20 A preferred immunogenic conq)osition of the invention comprises FHA, pertussis toxin 
and Type III ss, preferably further comprising pertactin. 

It is further advantageous to combine antigens diat are present at different stages of 
Bordetella life cycle in the immunogenic compositions of the invention. Bordetella has 

25 three identifyable stages, during which protein expression is controlled by the bvgAS 
locus. The Bvg-l- vimlent phase is characterised by the expression of a number of 
virulence factors including FHA, fimbrae and pertactin, a variety of toxins including 
adenylate cyclase, dennonecrotic toxin and pertussis toxin. During the Bvgi phase, some 
of the virulence factors aie expressed and a new set of proteins including BipA are 

30 expressed (Deora et al Moledular Microbiology (2001) 40; 669-683). 
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Currently available acellular pertussis vaccines include FHA, adenylate cyclase, 
pertactin and fimbrae proteins which are all Bvgf early genes. Accordingly, a further 
aspect of the invention is an inununogenic composition containing 2 or more antigens 
5 which are expressed in two, three or four phases selected from Bvg+ early, Bvg^- late, 
Bvg- and Bvgi, for example, Bvg+ early and Bvg+late; Bvg+ early and Bvg-; Bvg^- 
early and Bvgi: Bvg+late and Bvg-; Bvg+ late and Bvgi; Bvg- and Bvgi; Bvg+ early and 
Bvg+late and Bvg-; Bvg+ early and Bvg+late and Bvgi; Bvg+ early and Bvg- and Bvgi; 
Bvg+ late and Bvg- and Bvgi; Bvg+ early and Bvg+late and Bvg- and Bvgi. 

10 

FHA, pertussis toxin, adenylate cyclase, Fim and pertactin are expressed in Bvg+ early 
phase. 

Vag8, SphBl, Tcf and Type HI SS are oqnressed in Bvg+ late phase. 
BipA is expressed during Bvgi phase. 
1 S LPS are present in all phases including Bvg- phase. 

Accordingly, preferred immunogenic compositions of the invention comprise 1, 2 or 3 
antigens expressed in Bvgi- early phase preferably selected from FHA, pertussis toxin, 
Fim and pertactin and further comprise 1, 2 or 3 antigens that are expressed during 
20 Bvgf late phase and/or Bvgi phase and/or Bvg- phase (preferably Bvgi). 

A preferred immunogenic compositions comprises FHA, FT and Tcf (optionally furth^ 
comprising 1, 2, or 3 of Fim, pertactin, Vag8, SphBl, Type III SS, BipA and LPS). 

25 A preferred immunogenic compositions comprises FHA, FT and Vag8 (optionally 

further comprising 1, 2, or 3 of Fim, pertactin, Tcf, SphBl, Type III SS, BipA and LPS). 

A preferred immunogenic compositions comprises FHA, PT and VagS (optionally 
further comprising 1, 2, or 3 of Fim, pertactin, Tc^ SphBl, Type HI SS, Bq>A and 
30 LPS). 
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A preferred inmnmogenic compositions courses FHA, FT and SphBl (optionally 
funher comprising 1, 2, or 3 of Fim, pertactin, Tc^ Vag8, Type m SS, BipA and LPS). 

5 A preferred immunogenic compositions comprises FHA, PT and Type III SS (optionally 
further comprising 1, 2, or 3 of Fim, pertactin, Tcf; Vag8, SphBl, BipA and LPS). 

A preferred inmnmogenic compositions comprises FHA, PT and BipA (optionally 
further conq)rising 1, 2, or 3 of Fim, pertactin, Tcf; Vag8, SphBl, Type IH SS, BipA and 
10 LPS). 

A preferred immunogenic compositions comprises FHA, PT and LPS (optionally further 
comprising 1, 2, or 3 of Fim, pertactin, Tc^ VagS, SphBl, Type IE SS and BipA). 

1 5 The combinations listed above may be in the form of a subunit vaccme 'which contains 
isolated, preferably purified antigens. Where this is the case, it is preferred that soluble 
ftagments of some of the antigens are used. For mstance, the water soluble passenger 
domain of autotran^rter protems as defined above are preferred. 

20 Diamostfc Prognostic Serotvoing and Mnta tiom Assays 

This invention is also related to the use of BASB232 polynucleotides and polypeptides of 
tiie invention for use as diagnostic reagents. Detection of BASB232 polynucleotides and/or 
polypeptides in a eukaryote, particularly a mammal, and especially a human, will provide a 
diagnostic method for diagnosis of disease, staging of disease or response of an infectious 

25 organism to drugs. Eukaryotes, particularly mammals, and especially humai»s,particulariy 
mose infected or suspected to be infected with an organism comprising a BASB232 genes or 
pEotems, may be detected at the nucleic acid or amino acid level by a variety of weU known 
techniques as well as by m^ods provided herein. 
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Polypeptides and polynucleotides for prognosis, diagnosis or other analysis maybe obtained 
from a putatively infected and/or infected individual's bodily materials. Polynucleotides 
ftom any of these sources, particularly DNA or RNA, may be used directly for detection or 
n:iay be amplified enzymatically by using PGR or any other amplification technique prior to 

5 analysis. KNA, particularly mKNA, cDNA and genomic DNA may also be used in tiie 
same ways. Using amplification, characterization of the species and strain of infectious or 
resident organism present in an individual, may be made by an analysis of the genotype of a 
selected polynucleotide of the organism. Deletions and insertions can be detected by a 
change in size of the amplified product in comparison to a genotype of a reference sequence 

10 selected &om a related organism, preferably a different species of ttie same graus or a 
different strain of the same species. Point mutations can be identified by hybridizing 
amplified DNA to labeled BASB232 polynucleotide sequences. Perfectly or significanfiy 
matched sequences can be distinguished &om imperfectly or more significantly mismatched 
duplexes by DNase or RNase digestion, for DNA or RNA respectively, or by detecting 

1 5 differences in melting temperatures or renaturation kinetics. Polynucleotide sequence 
differences may also be detected by alterations in the electrophoretic mobility of 
polynucleotide fragments in gels as compared to a reference sequence. This may be carried 
out wifli or without dcaiaturing agents. Polynucleotide differences may also be detected by 
direct DNA or RNA sequencing. See, for exairrple, Myers et aL, Science, 230: 1242 (1985). 

20 Sequence changes at specific locations also may be revealed by nuclease protection assays, 
such as RNase, VI and S 1 protection assay or a chemical cleavage method. See, for 
example. Cotton et al. Proa Natl Acad. Set, USA, 85: 4397-4401 (1985). 

In anotiier embodiment, an array of oligonucleotides probes comprising BASB232 
25 nucleotide sequences or fi:agments tiiereof can be constructed to conduct ef&cient screening 
o^ for example, genetic mutations, serotype, taxonomic classification or identification. 
Array technology methods are well known and have general applicability and can be used to 
address a variety of questions in molecular genetics including gene e^qpression, genetic 
linkage, and genetic variability (see, for exm^de, Chee et al^ Science, 274: 610 (1996)). 

30 
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Thus in another aspect, tiie present invention relates to a diagnostic kit which comprises: 

(a) a polynucleotide of tiie present invention, preferably any of the nucleotide sequences 
of SEQ Groi^ 1, or a fragment thereof ; 

(b) a.nucleotide sequence complementary to that of (a); 

5 (c) a polypeptide of the present invention, preferably any of the polypeptides of SEQ 
Group 2 or a fiagment thereof; or 

(d) an antibody to a polypeptide of the present invention, preferably to the polypeptides of 
SEQ Group 2 . 

10 It will be £^preciated that in any such kit, (a), (b), (c) or (d) may comprise a substantial 
component. Such a kit will be of use in diagnosing a disease or susceptibility to a 
Disease, among others. 

This invention also relates to the use of polynucleotides of the present invention as 
1 5 diagnostic reagents. Detection of a mutated form of a polynucleotide of the invention, 
preferably any sequences of SEQ Group 1 , which is associated with a disease or 
pathogenicity will provide a diagnostic tool that can add to, or define, a diagnosis of a 
disease, a prognosis of a course of disease, a determination of a stage of disease, or a 
susceptibility to a disease, which results fix>m under-^xpression, over-expression or altered 
20 expression of the polynucleotide. Or^misnis, particularly infectious organisms, carrying 
mutations in such polynucleotide may be detected at the polynucleotide level by a variety of 
techniques, such as those desaibed elsewhere herein. 

Cells fiom an organism carrying mutations or polymorphisms (allelic variations) in a 
25 polynucleotide and/or polypq)tide of the invention may also be detected at the 

polynucleotide or polypq>tide level by a variety of techniques, to allow for SCTOtyping, for 
example. For example, RT-PCR can be used to detect mutations in the RNA. It is 
particularly preferred to use RT-PCR in conjunction with automated detection sj^ems, such 
as, for example, GeneScan. SNA, cDNA or genomic DNA may also be used for the same . 
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purpose, PGR. As an example, PGR primers complementary to a polynucleotide encoding 
BASB232 polypeptide can be used to identify and analyze mutations. 

The invention furflier provides primers with 1, 2, 3 or 4 nucleotides removed ftom the 5' 
5 and/or the 3' end. These primcas may be used fi>r, among other things, amplifying 

BASB232 DNA and/or KNA isolated fix>m a sample daived fi»m an individual, sudi as a 
bodily material. The primers maybe used to amplify a polynucleotide isolated fi»m an 
infected individual, such that flie polynucleotide may then be subject to various techniques 
for elucidation of the polynucleotide sequence. In this way. mutations m the polynucleotide 
10 sequence maybe detected and used to diagnose and/or prognose the infection or its stage or 
course, or to serotype and/or classify the infectious agent. 

The invention further provides a process for diagnosing, disease, preferably bacterial 
infections, more preferabty infections causedby A pertussis, comprismg determinmg from 
15 a sample derived from an individual, such as a bodily material, an increased level of 

expression of polynucleotide havmg a sequence of any of the sequences of SEQ Groi^ 1 . 
Increased or decreased expression of a BASB232 polynucleotides can be measured using 
any on of the methods well known in the art for the quantitation of polynucleotides, such 
as, for example, ampUfication, PGR, RT-PCR, RNase protection. Northern blottmg, 
20 spectrometry and other hj^ridization methods. 

In addition, a diagnostic assay in accordance with the invention for detecting over- 
expression of BASB232 polypeptides compared to normal control tissue samples maybe 
used to detect the presence of an infection, for example. Assay techniques that can be used 
25 to determine levels of BASB232 polyp^tides, in a sample derived from a host, such as a 
bodily material, are well-known to ttiose of skill in the art. Such assay methods mclude 
radioimmunoassays, competitive-binding assays. Western Blot analysis, antibody sandwich 
assays, antibody detection and ELISA assays. 
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The polynucleotides of the invention may be used as components of polynucleotide 
airays, preferably high density arrays or grids. These high density arrays are particularly 
useful for diagnostic and prognostic purposes. For example, a set of spots each 
comprising.a different gene, and further comprising apolynucleotide or polynucleotides 

5 of the invention, may be used for probing, such as using hybridization or nucleic add 
amplification, using a probes obtained or derived firom a bodily sample, to determine the 
presence of a particular polynucleotide sequence or related sequence in an individual. 
Such a presence may indicate the presence of a pathogen, particularly B. pertussis^ and 
maybe usefiil in diagnosing and/or prognosing disease or a course of disease. A grid 

10 comprising a number of variants of any polynucleotide sequences of SEQ Group 1 are 
preferred. Also preferred is a comprising a number of variants of a polynucleotide 
sequence encoding any polypeptide sequences of SEQ Group 2 . 

Antibodies 

1 5 The polypeptides and polynucleotides of the invention or variants thereof, or cells 

expressing the same can be used as ioraiunogens to produce antibodies immunospecific for 
such polypeptides or polynucleotides respectively. Alternatively, mimotopes, particularly 
peptide mimotopes, of epitopes within the polypeptide sequence may also be used as 
immunogens to produce antibodies immunospecific for the polypeptide of the mvention. 

20 The term "immunospecific" means that Ihe antibodies have substantially greater afiBnity for 
tiie polypeptides of the invention than their afiBnity for other related polypeptides in the prior 
art 

In certain preferred embodiments of the invention there are provided antibodies against 
25 BASB232 polypeptides or polynucleotides. 

Antibodies generated against the polypq)tides or polynucleotides of the invention can be 
obtained by administering the polypeptides and/or polynucleotides of the invention, or 
epitope-bearing fiagments of either or both, analogues of either or both, or cells expressing 
30 dther or both, to an aninial, preferably a nonhuman, using routine protocols. For 
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preparation of monoclonal antibodies, any technique known in the art that provides 
antibodies produced by continuous cell line cultures can be used. &canq>les include various 
techniques, such as those in Kohler, G. and Milstem, C, Nature 256: 495-497 (1975); 
Kozbor et al. Immunology Today 4: 72 (1983); Cole et al, pg. 77-^6 iaMONOCLONAL 
5 ANTIBODIES AND CANCER THER4PY, Alan IL Liss, Inc. (1985). 

Techniques for the production of single chain antibodies (U.S. Patrat No. 4,946,778) can be 
adapted to produce single chain antibodies to polypeptides or polynucleotides of this 
invention. Also, transgenic mice, or other organisms or animals, such as other mammals, 
1 0 may be used to express humanized antibodies immunospecific to the polypeptides or 
polynucleotides of the invention. 

Alternatively, phage display technology may be utilized to select antibody genes with 
binding activities towards a polypeptide of the invention either from repertoires of PGR 
1 5 amplified v-genes of lymphocytes fix)m humans screened for possessing anti-B ASB232 or 
from naive libraries (McCafiferty, et al, (1990), Nature 348, 552-554; Marks, et al, 
(1992) Biotechnology 10, 779-783). The affinity of these antibodies can also be improved . 
by, for example, chain shuffling (Clackson et aL, (1991) Nature 352: 628). 

20 The above-described antibodies may be enq)loyed to isolate or to identify clones e?q>ressing 
the polypeptides or polynucleotides of the invention to purify the polypeptides or 
polynucleotides by, for example, afiBnity chromatogrsqphy. 

Thus, among others, antibodies against BASB232 polypeptides or BASB232 
25 polynucleotides may be employed to treat infections, particularly bacterial infections. 

Polypeptide variants include antigenically, epitopically or immunologically equival^t 
variants form a particular aspect of this invention. 
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Preferably, the antibody or variant thereof is modified to make it less immmiogeiiic in the 
mdividual. For example, if the individual is human the antibody may most preferably be 
"humanized," where the coiiq>limeatarity detetminmg region or regions of the hybridoma- 
deiived antibody has been tran^lanted into a human monoclonal antibody, for example as 
5 described in Jones et al. (1986), Nature 321, 522-525 or Tempest et al., (1991) 
Biotechnology 9, 266-273. 

Antagonists and Agonists - Assays an d Molecules 
10 Polypeptides and polynucleotides of the invoition may also be used to assess the binding of 
small molecule substrates and Ugands in, for example, cells, cell-ficee preparations, chemical 
libraries, and natural product mixtures. These substrates and Ugands may be natural 
substrates and Ugands or maybe structural or fimctional mimetics. See, e.g., CoUgan a/.. 
Current Protocols in Immunology 1(2): Chapter 5 (1991). 

15 

The screening mettiods may simply measure the binding of a candidate compound to the 
polypeptide or polynucleotide, or to cells or membranes bearing the polypeptide or 
polynucleotide, or a fusion prot^ of flie polyp^tide by means of a label directly or 
indirectly associated with the candidate conqiound. Alternatively, the screening method 
20 may involve competition with a labeled conqjetitor. Further, these screenmg methods 
may test whether the candidate compound results in a signal generated by activation or 
inhibition of tiie polyp^tide or polynucleotide, usmg detection sj^ems ^ropriate to the 
cells comprising tiie polypeptide or polynucleotide. Inhibitors of activation are generally 
assayed in the preseaace of a known agonist and die effect on activation by the agonist by 
25 the-presence of the candidate compound is observed. Constitutively active polypeptide 
and/or constitutively expressed polypeptides and polynucleotides maybe employed in 
screo^g methods for inverse agonists or inhibitors, in the absence of an agonist or 
inhibitor, by testmg whethar die candidate coiqpound results hi inhibition of activation of 
tvpoiypppriftft onpolynucleotide, as the case may be. Further, the screening metbods 
30 ms^ amply comprise the st^s of mixing a candidate compound with a solution 
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containing a polypeptide or polynucleotide of the present invention, to fonn a mixture, 
measuring B ASB232 polypeptides and/or polynucleotides activity in the mixture, and 
comparing the BASB232 polypeptides and/or polynucleotides activity of the mixture to a 
standard. Fusion proteins, such as those made from Fc portion and BASB232 
5 polypeptides, as hereinbefore described, can also be used for high-throughput screening 
assays to identify antagonists of the polypeptide of the present invention, as well as of 
phylogenetically and and/or functionally related polypeptides (see D. Bennett et al, J Mol 
Recognition, 8:52-58 (1995); and K. Johanson et al, J Biol Chem, 270(16):9459-9471 
(1995)). 

10 

The polynucleotides, polypeptides and antibodies that bind to and/or interact with a 
polypeptide of the present invention may also be used to configure screening methods fat 
detecting the effect of added compounds on the production of mKNA and/or polypeptide 
in cells. For example, an ELISA assay may be constructed for measuring secreted or cell 
15 associated levels of polypeptide usmg monoclonal and polyclonal antibodies by standard 
methods known in the art. This can be used to discover agents which may mhibit or 
enhance the production of polypeptide (also called antagonist or agonist, respectively) 
from suitably manipulated cells or tissues. 

20 The invention also provides a method of screening CQnq>ounds to identify fliose which 
enhance (a^nist) or block (antagonist) die action of BASB232 polypeptide or 
polynucleotides, particularly those compounds that are bactmostatic and/or bactericidal 
The method of screening may involve high-throughput techniques. For example, to screen 
for agonists or antagonists, a synthetic reaction mix, a cellular compartment, such as a 

25 membrane, cell envelope or cell wall, or a preparation of any thereof, comprising B ASB232 
polypeptide and a labeled substrate or ligand of such polypeptides is incubated in the 
absCTce or the presence of a candidate molecule lhat may be a BASB232 agonist or 
anta^nist The ^ility of the candidate molecule to agonize or antagonize the BASB232 
polypeptide is reflected in decreased binding of the labeled Ugand or decreased production 

30 ofproduct from such substrate. Molecules that bind gratuitously, ie.,widiout inducing the 
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effects of BASB232 polypeptide are most likely to be good antagonists. Molecules that 
bind well and, as the case maybe, increase the rate of product production ftom substrate, 
increase signal transduction, or increase chemical channel activity are a^mists. Detection of 
the rale-or level o^ as Ihecase maybe, production of product fixjm substrate, signal 
5 transduction, or chemical channel activity may be enhanced by using a reporter system. 
Reporter systems that may be useftd in this regard include but are not limited to 
colorimetric, labeled substrate converted into product, a reporter gene ihat is responsive to 
changes in BASB232 polynucleotide or polypeptide activity, and binding assays known in 
the ait 

10 

Anolher example of an assay forBASB232 agonists is a conq?etitive assay that combines 
B ASB232 and a potential agonist with BASB232 binding molecules, recombinant 
BASB232 binding molecules, natural substrates or ligands, or substrate or ligand mimetics, 
under appropriate conditions for a competitive inhibition assay. BASB232 can be labeled, 
15 such as by radioactivity or a colorimetric compound, such tiiat the numbo: of BASB232 
molecules bound to a binding molecule or converted to product can be determined 
accurately to assess the effectiveness of the potential antagonist 

Pot^tial antagonists include, among others, small organic molecules, peptides, polypeptides 
20 and antibodies that bind to a polynucleotide and/or polypq)tide of the invention and thereby 
inhibit or extinguish its activity or expression. Potential antagonists also may be small 
organic molecules, a peptide, a polypeptide such as a closely related protein or antibody that 
binds tiie same sites on a binding molecule, such as a binding molecule, witiiout indudng 
BASB232 induced activities, thereby preventing the action or expression of BASB232 
25 polypq)tides and'or polynucleotides by excluding BASB232 polypeptides and/or 
polynucleotides from binding. 

Potential antagonists include a small molecule that binds to and occupies the binding site of 
tiie polypeptide thereby preventing binding to cellular binding molecules, such fliat nonnal 
30 biological activity is prevented. Examples ofsmall molecules include but are not limited to 
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small organic molecules, peptides or peptide-like molecules. Ofher potential antagonists 
include antisense molecules (see Okano, J. Neurochem. 56: 560 (1991); 
OUGODEOXYmCLEOTIDESASANTISENSE INHIBITORS OF GENE EXPRESSION, 
CRC Press, Boca Raton, FL (1988), for a description of thrae molecules). Preferred 
potential antagonists include compounds related to and variants of BASB232. 

Jn a further aspect, the present invention relates to genetically engineered soluble fusion 
protdns comprising a polypeptide of tiie present invention, or a fragment thereof, and 
various portions of the constant regions of heavy or ligfht chains of immunoglobulins of 
various subclasses (IgG, Ig^4, IgA, IgE). Prefeired as an immunoglobulin is the constant 
part of the heavy chain of human IgG, particularly IgGl, where fusion takes place at the 
hinge region. Li a particular CTobodiment, the Fc part can be removed simply by 
incorporation of a cleavage sequence which can be cleaved with blood clotting factor Xa. 
Furthermore, this invention relates to processes for the preparation of these fusion 
proteins by genetic engineering, and to the use thereof for dmg screening, diagnosis and 
therapy. A furftier aspect of the invention also relates to polynucleotides encoding such 
fusion proteins. Examples of fusion protein technology can be found in Ihtemational 
Patent AppUcation Nos. W094/29458 and W094/22914. 

Bach of the polynucleotide sequences provided herein may be used in the discovery and 
development of antibacterial compounds. The encoded protein, upon expression, can be 
used as a target for the screening of antibacterial drugs. Additionally, the polynucleotide 
sequences encoding the amino terminal regions of the racoded protein or Shine-Delgamo 
or other translation facilitating sequences of the respective mJRNA can be used to 
constmct antisense sequences to control the expression of the coding sequence of interest. 

The invention also provides the use of the polypeptide, polynucleotide, agonist or 
antagonist of the invmtion to interfere with the initial physical interaction between a 
patibiogm or pathogCTis and a eukaryotic, preferably mammalian, host responsible for 
sequelae of infection. In particular, the molecules of the invention may be used: in the 
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prevention of adhesion of bacteria, in particular granoi positive and/or gram negative 
bacteria, to eukaryotic, preferably mammalian, extracellular matrix proteins on in- 
dwelling devices or to extracellular matrix proteins in wounds; to block bacterial adhesion 
between eukaryotic, preferably mammalian, extracellular matrix proteins and bacterial 
BASB232 proteins that mediate tissue damage and/or; to block the normal progression of 
pathogenesis in infections initiated other than by the implantation of in-dwelling devices 
or by other surgical techniques. 

In accordance with yet another aspect of the invention, there are provided B ASB232 
agonists and antagonists, preferably bacteristatic or bactericidal agonists and antagonists. 

The antagonists and agonists of the invention may be employed, for instance, to prevent, 
inhibit and/or treat diseases. 

In a further aspect, the present invention relates to mimotopes of the polypeptide of the 
invention, A mimotope is a peptide sequence, sufficiently similar to the native peptide 
(sequentially or structurally)^ which is capable of being recognised by antibodies which 
recognise the native peptide; or is capable of raising antibodies which recognise the 
native peptide when coupled to a suitable carrier. 

Peptide mimotopes may be designed for a particular purpose by addition, deletion or 
substitution of elected amino acids. Thus, the peptides maybe modified for the purposes 
of ease of conjugation to a protein carrier. For example, it may be desirable for some 
chemical conjugation methods to include a t^minal cysteine. In addition it may be 
desirable for peptides conjugated to a protein carrier to include a hydrophobic terminus 
distal from flie conjugated terminus of the peptide, such that the free unconjugated end 
of the peptide remains associated with the surface of the carrier protein. Thereby 
presenting the peptide in a conformation which most closely resembles that of the 
peptide as found in the context of the whole native molecule. For example, the peptides 
may be altered to have an N-temiinal cysteine and a C-terminal hydrophobic amidated 
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tail. Alternatively, the addition or substitution of a D-stereoisomer form of one or more 
of the amino acids may be performed to create a beneficial derivative, for example to 
enhance stability of die peptide. 

Alternatively, peptide mimotopes may be identified using antibodies which are enable 
themselves of binding to the polypeptides of flie present invention using techniques such 
as phage display technology (EP 0 552 267 Bl). This technique, generates a large number 
of peptide sequences which mimic the structure of the native peptides and are, therefore, 
enable of binding to anti-native peptide antibodies, but may not necessarily ihemselves 
share significant sequence homology to the native polypeptide. 

Vaccines 

Another aspect of the invention relates to a method for inducing an immunological 
response in an individual, particularly a mammal, preferably humans, which comprises 
inoculating the individual with BASB232 polynucleotide and/or polypeptide, or a 
firagment or variant thereof, or a combination thereof as described above, adequate to 
produce antibody and/ or T cell immime response to protect said individual from 
infection, particularly bacterial infection and most particularly B, pertussis ( and preferably 
B. parapertussis) infection. Also provided are methods whereby such immunological 
response slows bacterial replication. Yet another aspect of tiie invention relates to a 
method of inducing inununological response in an individual which comprises delivering 
to such individual a nucleic acid vector, sequence or ribozyme to direct expression of 
BASB232 polynucleotide and/or polypeptide, or a fragment or a variant thereof, for 
expressing BASB232 polynucleotide and/or polypeptide, or a fragment or a variant 
thereof, or a combination thereof as described above, in vivo in order to induce an 
immunological response, such as, to produce antibody and/ or T cell immune response, 
including, for example, cytokine-producing T cells or cytotoxic T cells, to protect said 
individual, preferably a human, fix>m disease, whether tiiat disease is already established 
within the individual or not One example of administering the gene is by accelerating it 
into die desired cells as a coating on particles or otherwise. Such nucleic acid vector may 
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comprise DNA, RNA, a ribozyme, a modified nucleic acid, a DNA/RNA hybrid, a DNA- 
piotdn complex or an RNA-protein complex. 

A further aspect of the invention relates to an immunological composition that when 
5 introduced into an individual, preferably a human, capable of having induced within it an 
immunological response, induces an immunological respoMe in such individual to a 
BASB232 polynucleotide and/or polypeptide encoded therefrom, or a combination thereof 
as described above, wherein the composition comprises a recombinant BASB232 
polynucleotide and/or polypeptide encoded therefrom and/or comprises DNA and/or RNA 
10 which encodes and expresses an antigen of said BASB232 polynucleotide, polypeptide 
encoded therefrom, or other polypq)tide of the invention. The immunological response 
may be used ther^)eutically or prophylactically and may take the form of antibody 
immunity and/or cellular immunity, such as cellular immunity arising from CTL or CD4+ 
T cells. 

15 

A BASB232 polypeptide or a fragment thereof may be ftised with co-protein or chemical 
moiety which may or may not by itselfproduce antibodies, but which is capable of 

stabilizmg the first protein and producing a fused or modified protein which will have 
antigenic and/or immunogenic properties, and preferably protective properties. Thus 

20 fused recombinant protein, preferably further comprises an antigenic co-protem, such as 
lipoprotein D fixMn Haemophilus influenzae, Glutathione-S-transferase (GST) or beta- 
galactosidase, or any other relatively large co-protem which solubilizes the protein and 
facilitates production and purification thereof. Moreover, the co-protein may act as an 
adjuvant in the sense of providing a generalized stimulation of the immune system of the 

J25 organism receiving the protein. The co-protein may be attached to either the amino- or 
caiboxy-tenninus of tiie first protein. 

In a vaccine conqiosition according to the mvention, a BASB232 polypeptide and/or 
potynucleotide, or a fi:agment, or a mimotope, or a variant thereof , or a combination thereof 
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as described above, may be present in a vector, such as the live recombinant vectors 
described above for example live bacterial vectors. 

Also suitable are non-live vectors for the B ASB232 polypeptide, or a combination thereof 
5 as described above, for example bacterial outer-membrane vesicles or 'T^lebs". OM blebs 
are derived from the outer mCTibrane of the two-layer membrane of Gram-negative 
bacteria and have been documented in many Gram-negative bacteria (21iou, L et al 1998. 
FEMS Microbiol Lett. 163:223-228) including C trachomatis and C psiUacL A non- 
exhaustive list of bacterial pathog^is reported to produce blebs also includes: Bordetella 
10 pertussis, Borrelia burgdorferi. Brucella melitensis. Brucella ovis, Esherichia coli, 
Haemophilus influenzae, Legionella pneumophila, Moraxella catarrhalis. Neisseria 
gonorrhoeae. Neisseria meningitidis, Pseudomonas aeruginosa and Yersinia 
enterocolitica. 

15 Blebs have tiie advantage of providing outer-membrane proteins in their native 

conformation and are thus particularly xxseful for vaccines. Blebs can also be improved 
for vaccine use by engineering the bacterium so as to modify the expression of one or 
more molecules at the outer membrane. Thus for example the expression of a desired 
immunogenic protein at the outer membrane, such as the BASB232 polypeptide, can be 

20 introduced or upiegulated (e.g. by altering the promoter). Instead or in addition^ the 

expression of outer-membrane molecules which are either not relevant (e.g. unprotective 
antigens or immunodominant but variable proteins) or detrimental (e.g. toxic molecules 
such as LPS, or potential inducers of an autoinmiune response) can be downregulated. 
These approaches are discussed in more detail below. 

25 

The non-coding flanking regions of the BASB232 genes contain regulatory elements 
important in the expression of the gene. This regulation takes place both at the 
transcriptional and translational level. The sequence of these regions, either upstream or 
downstream of the open reading&ame of the gene, can be obtained by DNA sequencing. 
30 This sequence information allows the determination of potential regulatory motifs such as 
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the different promoter elements, terminator sequences, inducible sequence elements, 
r^ressors, elements responsible for phase variation, the shine-dalgamo sequence, regions 
with potential secondary structure involved in regulation, as well as other types of 
regulatory motife or sequences. This sequence is a further aspect of the inventiorL 

5 

This sequence information allows ihs modulation of the natural expression of the 
BASB232 graies. The upregulation of the gene expression may be accomplished by 
altering the promoter, the shine-dalgamo sequence, potential repressor or operator 
elements, or any other elements involved. Likewise, downregulation of expression can be 

10 achieved by sunilar types of modification. Alternatively, by changing phase variation 
sequences, the expression of the gene can be put undor phase variation control, or it may 
be uncoupled ftom this regulation. In another approach, the e}q>ression of the gene can be 
put under the control of one or more inducible elements allowing regulated expressioiL 
Examples of such regulation include, but are not limited to, induction by temperature 

1 5 shift, addition of inductor substrates like selected carbohydrates or their derivatives, trace 
elements, vitamins, co-factors, metal ions, etc. 

Such modifications as described above can be introduced by several different means. The 
modification of sequences involved in gene e3q>ression can be carried out in vivo by 
20 random mutagenesis followed by selection for (he desired phenotype. Another approach 
consists in isolating the regioii of interest and rhodifying it by random mutagenesis, or 
site-directed replacement, insertion or deletion mutagenesis. The modified region can then 
be reintroduced into tiie bacterial genome by homologous recombination, and the effect 
on gene expression can be assessed. In another approach, the sequence knowledge of the 

25 rftginn of interest can be used to replace or delete all or part of tiie natural regulatory 
sequences. In this case, the regulatory region targeted is isolated and modified so as to 
c<mtam the regulatory elements firom another gene, a combination of regulatory elements 
ftom different genes, a synthetic regulatory region, or any other regulatory region, or to 
delete selected parts of the wild-tjrpe regulatory sequences. These modified sequences can 

30 then be reintroduced into the bacterium via homologous recombmation into the genome. 
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A non-exhaustive list of preferred promoters that could be used for up-regulation of gene 
expression includes the promoters porA, porB, IbpB, tbpB, pi 10, 1st, hpuAB from K 
meningitidis or N. gonorroheae; ompCD, copB, IbpB, ompE, UspAl; UspA2; TbpB from 
M. Catarrhalis; pi, p2, p4, p5, p6, IpD, tbpB, D.15, Hia, Hmwl, Hmw2 from H. 
influenzae. 

In one example, the expression of the gene can be modulated by exchanging its promoter 
with a stronger promoter (through isolating the upstream sequence of the gene, in vitro 
modification of this sequence, and reintroduction into the genome by homologous 
recombination). Upregulated expression can be obtained in both the bacterium as well as 
in the outer membrane vesicles shed (or made) from the bacterium. 

Li other examples, the described approaches can be used to generate recombinant bacterial 
strains with improved characteristics for vaccine appUcations. These can be, but are not 
limited to, attenuated strains, strains with increased expression of selected antigens, 
strains with knock-outs (or decreased expression) of genes interfering with the immime 
response, strains with modulated expression of iinmunodominant proteins, strains with 
modulated shedding of outer-membrane vesicles. 

Thus, also provided by the invention is a modified upstream region of the BASB232 
genes, which modified upstream region contains a heterologous regulatory element which 
alters the expression level of the B ASB232 proteins located at the outer membrane. The 
upstream region according to this aspect of the invention includes the sequence upstream 
of the BASB232 genes. The upstream region starts immediately upstream of the BASB232 
genes and continues usually to a position no more than about 1000 bp iq>stream of the gene 
from tihe ATG start codon. In the case of a gene located in a polycistronic sequence 
(operon) the upstream region can start immediately preceding the gene of interest, or 
preceding the first gene in the operon. Preferably, a modified iipstream region according to 
this aspect of the invention contains a heterologous promotor at a position between 500 and 
700 bp upstream of flie ATG. 
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Thus, the invention provides BASB232 polypeptides, or a combination thereof as 
described above, in a modified bacterial bleb. The invention fiirther provides modified host 
cells capable of producing the non-live membrane-based bleb vectors. The invention fiirthar 
provides nucleic add vectors comprising the BASB232 genes having a modified iq>stream 
5 region containing a heterologous regulatory element 

Further provided by the invention are processes to prepare the host cells and bacterial blebs 
according to the invention. 

10 Also provided by this invention are compositions, particularly vaccine compositions, and 
methods comprising the polypeptides and/or polynucleotides of the invention and 
immunostimulatory DNA sequences, such as those described in Sato, Y. et al. Science 
273: 352 (1996). 

1 5 Also, provided by this invention are methods using the described polynucleotide or 

particular fi-agments thereof, which have been shown to encode non-variable regions of 
bacterial cell surface proteins, in polynucleotide constructs used in such genetic 
immunization experiments in animal models of infection with B. pertussis. Such 
experiments will be particularly usefiil for identifying protein epitopes able to provoke a 

20 prophylactic or therapeutic immune response. It is believed that this approach will allow 
for the subsequent preparation of monoclonal antibodies of particular value, derived fix>m 
the requisite organ of the animal successfiilly resisting or clearing infection, for tiie 
development of prophylactic agents or therapeutic treatments of bacterial infection, 
particularly^, pertussis infection, in mammals, particularly humans. 

25 

Immunogenic compositions 

It is advantageous for immimogenic compositions of the invention to comprise 
immunogenic, preferably inmiunologically effective, amounts of additional antigens to 
30 elicit immunity to other pathogens, preferably viruses and/or bacteria. Such additional 
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antigens include diphtheria toxoid, tetanus toxoid, hepatitis B surface antigen, injectable 
polio vaccine, Haemophilus influenzae type b PRP, fimbria 2 and fimbria 3. 

Preferred immunogenic compositions of the invention are formulated with 1, 2, 3 or 
preferably all 4 of the following meningococcal cs^sular polysaccharides or 
oligosaccharide : A, C, Y or W, which may be plain or conjugated to a protein carrier. 
Such a vaccine containing proteins firom N. meningitidis serogroup B may be 
advantageously combine a global meningococcus vaccine with a Bordetella vaccine. 

In a further preferred embodiment, the immunogenic compositions of the invention are 
formulated with a conjugated or unconjugated H. influenzae b capsular polysaccharide 
or oUgosaccharide, and one or more plain or conjugated pneumococcal capsular 
polysaccharides or oligosaccarides. Optionally, the vaccine may also comprise one or 
more protein antigens that can protect a host against Streptococcus pneumoniae 
infection. Such a vaccine may be advantageously used as a Bordetella/H. 
influenzae/streptococcus pneumonia vaccine. 

Li a still further preferred embodiment, the inmiunogenic composition of the invention 
is formulated with capsular polysaccharides or oligosaccharidesderived firom one or 
more of Neisseria meningitidis^ Haemophilus influenzae. Streptococcus pneumoniae. 
Group A Streptococci, Group B Streptococci, Staphylococcus aureus or Staphylococcus 
epidermidis. In a preferred embodiment, the immunogenic composition would comprise 
capsular polysaccharides or oligosaccharides derived fix)m one or more of serogroups 
A, C, W and Y of Neisseria meningitidis. A further preferred embodiment would 
comprise capsular polysaccharides or oligosaccharides derived fi-om Streptococcus 
pneumoniae. The pneumococcal capsular polysaccharide or oligosaccharide antigens are 
preferably selected firom serotypes 1, 2, 3, 4, 5, 6B, 7F, 8, 9N, 9V, lOA, 1 1 A, 12F, 14, 
15B, 17F, 18C, 19A, 19F, 20, 22F, 23F and 33F (most prefCTably firom serotypes 1, 3, 4, 
5, 6B, 7F, 9V, 14, 18C, 19F and 23F). A further preferred embodiment would contain 
the PRP capsular polysaccharides or oligosaccharides of Haemophilus influenzae. A 
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fbrther preferred embodiment would contain the Type 5, Type 8 or 336 capsular 
polysaccharides or oligosaccharides of Staphylococcus aureus. A further preferred 
embodiment would contain the Type I, Type n or Type m capsular polysaccharides of 
Staphylococcus epidermidis. A fiarfher preferred embodiment would contain the Type 
la. Type Ic, Type It or Type HE capsular polysaccharides or oligosaccharides of Group B 
streptocoocus. A flirther preferred embodiment would contain the capsular 
polysaccharide or oligosaccharides of Groiq) A streptococcus, preferably further 
comprising at least one M protein and more preferably multiple types of M protein. 

Capsular polysaccharides or oligosaccharides included in pharmaceutical compositions 
of the invention may be unconjugated or conjugated to a carrier protein such as tetatus 
toxoid^ tetanus toxoid firagmrat C, diphtheria toxoid, CRM197, pneumolysm. Protein D 
(US6342224). 

The polysaccharide conjugate may be prepared by any known coupling 
technique. For example the polysaccharide can be coupled via a thioetiier linkage. This 
conjugation method relies on activation of the polysaccharide with l-cyano-4- 
dimethylamino pyridinium tetrafluoroborate (CD AP) to form a cyanate ester. The 
activated polysaccdiaride may thus be coiq>led directly or via a spacer group to an amino 
group on the carrier protem. Preferably, the cyanate ester is coupled with hexane 
diamine and the amino-derivatised polysaccharide is conjugated to the carrier protein 
using heteroligation chemistry involving the formation of the thioether linkage. Such 
conjugates are described in PCT published application WO93/15760 Uniformed 
Services University. 

Thexonjugates can also be prepared by direct reductive amination methods as described 
iiuJS 4365170 (Jennings) and US 4673574 (Anderson). Other methods are described 
in EP-0-161-188,EP-208375 and EP-0-477508. 

A further method involves the coupling of a cyanogen bromide activated 
polysaccharide d^vatised with adipic acid hydrazide (ADH) to the protein carrier by 
Caibodiimide condensation (Chu C. et al Infect Immunity, 1983 245 256), 



69 



VB60452 



The immunogenic compositions of the invention may also comprise proteins from other 
pathogens. PrefCTred pnemnococcal proteins antigens are those pneumococcal proteins 
which are exposed on the outer surface of the pneumococcus (capable of being 
5 recognised by a host's immune system during at least part of the life cycle of the 
pneumococcus), or are proteins which are secreted or released by tiie pneumococcus. 
Most preferably, the protein is a toxin, adhesin, 2-component signal tranducer, or 
lipoprotein of Streptococcus pneumoniae, or fragmCTits thereof. Particularly preferred 
proteins include, but are not limited to: pneumolysin Q)referably detoxified by chemical 
10 treatment or mutation) [Mitchell et al Nucleic Acids Res. 1990 Jul 1 1; 18(13): 4010 
"Comparison of pneumolysin genes and proteins from Streptococcus pneumoniae types 
1 and 2.", MitcheU et al Biochim Biophys Acta 1989 Jan 23; 1007(1): 67-72 
"Expression of the pneumolysin gene in Escherichia coli: rapid purification and 
biological properties.", WO 96/05859 (A. Cyanamid), WO 90/06951 (Paton et al), WO 
15 99/03884 (NAVA)]; PspA and transmembrane deletion variants thereof (US 5804193 - 
Briles et al.); PspC and transmembrane deletion variants thereof (WO 97/09994 - Briles 
et al); PsaA and transmembrane deletion variants thereof (Berry & Paton, Infect hnmun 
1996 Dec;64(12):5255-62 "Sequence heterogeneity of PsaA, a 37-kilodalton putative 
adhesin essential for virulence of Streptococcus pneumoniae^y^ pneumococcal choline 
20 binding proteins and transmraibrane deletion variants thereof; Cbp A and 
transmembrane deletion variants fliereof (WO 97/41151; WO 99/51266); 
Glyceraldehyde-3-phosphate - dehydrogenase Otafect. Immun. 1996 64:3544); HSP70 
(WO 96/40928); PcpA (Sanchez-Beato et al. FEMS Microbiol Lett 1998, 164:207-14); 
M like protein, (EP 0837130) and adhesin 18627, (EP 0834568). Further preferred 
25 pneumococcal protein antigens are those disclosed in WO 98/1893 1, particularly those 
selected in WO 98/18930 and PCT/US99/30390. 

Preferred proteins for inclusion in the immunogenic composition of the invention 
include adhesins, autotransporter proteins, iron acxpnsition proteins and toxins firom K 
30 meningitidis serotype B. 
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Adhesins include FhaB (WO98/02547), NadA (J. ExpMed (2002) 195:1445; NMB 
1994), Hsf also known as NhhA (NMB 0992) (W099/31132), Hap (NMB 
1985)(W099/55873), NspA (W096/29412), MafA (NMB 0652) and MafB (NMB 
5 0643) (Annu Rev Cell Dev Biol. 16; 423-457 (2000); Nature Biotech 20; 914-921 
(2002)) , Omp26 (NMB 0181), NMB 0315, NMB 0995, NMB 1119 andPUC (Mol. 
Microbiol. 1997, 23; 879-892). These are proteins that are involved in the binding of 
Neisseria to Ihe surface of host cells. 

10 Autotransporter proteins typically are made up of a signal sequence, a passenger domain 
and an anchoring domain for attachment to the outer membrane. Examples of 
autotransporter proteins include Hsf (W099/3 1132) (NMB 0992), HMW, Hia (van 
Ulsen et al hmnunol. Med. Microbiol 2001 32; 53-64), H^ (NMB 1985) 
(W099/55873; van Ulsen et al LnmunoL Med. Microbiol. 2001 32; 53-64), UspA, 

15 UspA2, NadA (NMB 1994) (Comanducci et al J. Exp. Med. 2002 19S; 1445-1454), 
AspA (hifection and hmnunity 2002, 70(8); 4447-4461; NMB 1029), Aida-1 like 
protein, SSh-2 and Tsh. The passenger domain of an autotransporter protein is a 
preferred fiagment for incorporation into the immunogenic composition of the 
invention. 

20 

ion aquisition proteins mclude TbpA (NMB 0461) (WO92/03467, US5912336, 
WO93/06861 and EP586266), TbpB (NMB 0460) (WO93/06861 and EPS86266), LbpA 
(NMB 1540) (Med Microbiol (1999) 32:1117), LbpB (NMB 1541)(WO/99/09176), 
HpuA(U73 112.2) (Mol Microbiol. 1997, 23; 737-749), HpuB (NC_003116.1) (Mol 

25 Microbiol. 1997, 23; 737-749), P2086 also known as XthA (NMB 0399) (13* 

Ihtemational Pathogenic Neisseria Conference 2002), FbpA (NMB 0634), FbpB, BfrA 
(NMB 1207), BfrB (NMB 1206), Lipo28 also known as GNA2132 (NMB 2132), Sibp 
(NMB 1882), HmbR, HemH. Bcp (NMB 0750), Iron (HI) ABC transporter-permease 
protein (Tettelin et al Science 287; 1809-1815 2000), Iron (UT) ABC transporter - 

30 periplasmic (Tettelin et al Science 287; 1809-1815 2000), TonB-dependent recq)tor 
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(NMB 0964 andNMB 0293)(Tettelm et al Science 287; 1809-1815 2000) and 
transferrin binding protein related protein (Tettelin et al Science 287; 1809-1815 2000). 

Toxins include FrpA (NMB 0585; NMB 1405), FrpA/C (see below for definition), 
5 FipC ( NMB 1415; NMB 1405) (WO92/01460), NM-ADPRT (NMB 1343) (13^** 
International Pathogenic Neisseria Conference 2002 Masignani et al pl35), VapD 
(NMB 1753), lipopolj^accharide (LPS; also called lipooligosaccharide or LOS) 
innnunotype 12 and LPS immunotype L3. FrpA and FrpC contain a region which is 
conserved between these two proteins and a preferred fragment of the proteins would be 
10 a polypeptide containing this conserved fragment, preferably comprising amino acids 
227-1004 of the sequence of FrpA/C. 

The meningococcal proteins included in the immunogenic composition of the invention 
may be present as a subunit composition in which the purified protein or an 
1 5 immunogenic fragment of the protein is added to the iuMnunogenic composition. 

Preferably, the protein may be added as part of an outer membrane vesicle preparation. 

The immunog^c composition may also optionally comprise antigens providing 
protection agamst Diphtheria and/or tetanus infections. Typically, tiie antigens 
20 providing protection against Diphtheria and tetanus would be Diphtheria toxoid and 
tetanus toxoid. The toxoids may be chemically inactivated toxins or toxins inactivated 
by the introduction of point mutations. 

It is advantageous to combine the immunogenic composition of the invention with 
25 antigens that confer inmiunity against one or more of Haanophilus influenzae b, 

hepatitis B and/or polio virus. Preferred pharmaceutical compositions of the invention 
will fiulher comprise one or more , most preferably all three of PRP polysaccharide or 
oligosaccharide of Hamiophilus influenzae b, hepatitis B surface antigen and/or 
injectable polio virus (IPV). 
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The immunogenic composition may also optionally comprise one or more antigens that 
can protect a host against RSV and/or one or more antigens fliat can protect a host 
against influenza virus. 

Preferred influenza virus antigens include whole, Uve or inactivated virus, split 
influenza virus, grown in eggs or MDCK cells, or Veio cells or whole flu virosomes (as 
described by R-Gluck, Vaccine, 1992, 10. 915-920) or purified or recombinant proteins 
thereof, such as HA, NP, NA, or M proteins, or combinations thereof. 
Preferred RSV (Respiratory Syncytial Virus) antigens include the F glycoprotein, the G 
glycoprotdn, the HN protein, or derivatives thereof. 

Preferred non-typeable H. influenzae protein antigens include Fimbrin protein (US 
5766608) and fusions comprising peptides Ihereftom (eg LBl Fusion) (US 5843464 - 
Ohio State Research Foundation), OMP26, P6, protdn D, TbpA, TbpB, Hia, Hmwl, 
Hmw2, H^, and D15. 

It should be appreciated that immunogenic compositions of the invention may comprise 
one or more csgsakx polysaccharide or oUgosaccharide from a single species of bacteria. 
Immunogenic compositions may also comprise capsular polysaccharides or 
oligosaccharide derived fiiom one or more q?ecies of bacteria. 

Vaccines 



A further embodiment of the invention provides a vaccine formulation which comprises 
an immunogenic recombinant polypeptide and/or polynucleotide of the invention, or a 
combination thereof, together with a suitable carrier/excipient, such as a pharmaceutically 
25 acceptable cairier/excipient. Since the polypeptides and polynucleotides may be broken 
down in the stomach, each is preferably administered parenterally, including, for example, 
administration that is subcutaneous, intramuscular, intravenous, or intradermal. 
Formulations suitable for parenteral administration include aqueous and non-aqueous 
sterile injection solutions which may contain anti-oxidants, buffers, bacteriostatic 
30 compounds and solutes which render the formulation isotonic with the bodily fluid. 
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preferably the blood, of the individual; and aqueous and non-aqueous sterile suspaisions 
which may include suspending agents or thickening agents. The formulations may be 
presented in unit-dose or multi-dose containers, for example, sealed ampoules and vials 
and may be stored in a freeze-dried condition requiring only the addition of tihie sterile 
5 liquid carrier immediately prior to use. 

The vaccine formulation of the invention may also include adjuvant systems for 
enhancing the immunogenicity of the formulation. Preferably the adjuvant system 
raises preferentially a THl type of response. 

10 

An immime response may be broadly distinguished into two extreme catagories, being a 
humoral or cell mediated immune responses (traditionally characterised by antibody and 
cellular effector mechanisms of protection respectively). These categories of response 
have been tamed THl -type responses (cell-mediated response), and TH2-type immune 
15 responses Oiumoral response). 

Extreme THl -type immune responses may be characterised by the generation of antigen 
specific, haplotype restricted cytotoxic T lymphocytes, and natural killer cell responses. 
hx mice THl-type responses are often characterised by the generation of antibodies of 
20 the IgG2a subtype, whilst in the human these coirespond to IgGl type antibodies. TH2- 
type immune responses are characterised by the generation of a broad range of 
immunoglobulin isotypes including in mice IgGl, IgA, and IgM. 

It can be considered that the driving force behind the development of these two types of 
25 immune responses are cytokines. Higji levels of THl-type cytokines tend to favour the 
induction of cell mediated immune responses to the given antigen, whilst high levels of 
TH2-type cytokines tend to favour the induction of humoral immune responses to tiie 
antigen. 
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The distinction of THl and TH2-type immune responses is not absolute, lii reaUty an 
individual wiU support an immune response wbich is described as being predominantly 
THl or predominantly TH2. However, it is often convenient to consider the femilies of 
cytokines-in tenns of that described in murine C3D4 +ve T cell clones by Mosmann and 
5 Coffinan {Mosmann. T.R. and Coffinan. R.L. (1989) THl and TH2 cells: different 

patterns oflymphokine secretion lead to different Junctional properties. Annual Review 
of Immunology. 7. ;7i45-i 75). Traditionally, THl -type responses are associated with 
the production of the INF-7 and E>-2 cytokines by T-lymphocytes. Other cytokines often 
directty associated with the induction of THl-type immiine responses are not produced 
10 by T-cells. such as IL-12. In contrast, TH2- type responses are associated with the 
secretion of IL-4, IL-5, IL-6 and IL-13. 

It is known that certain vaccine adjuvants are particularly suited to tiie stimulation of 
either THl or TH2 - type cytokine responses. Traditionally the best indicators of the 
15 TH1:TH2 balance of the immune response after a vaccination or infection includes 
direct measurement of the production of THl or TH2 cytokines by T lymphocytes in 
vitro after restimulation with antigen, and/or the measurement of the IgGl :IgG2a ratio 
of antigen specific antibody rehouses. 

20 Thus, a THl-type adjuvant is one which preferentially stimulates isolated T-cell 
populations to prodube high levels of THl-type cytokines when re-stimulated with 
antigen in vitro, and promotes development of both CD8+ cytotoxic T lymphocytes and 
antig«i q)ecific immunoglobulin responses associated with THl-type isotype. 

25 Adjuvants which are capable of preferential stimulation of tiie THl cell response are 
.dfiscrihedJnJntemational Patent AppUcationNo. WO 94/00153 and WO 95/17209. 

3 De-O-acylated monophosphoryl lipid A (3D-MPL) is one such adjuvant. This is 
knovra-ftom GB 222021 1 (Ribi). CSiemically it is amixture of 3 De-O-acylated 
30 muuophusphory l Hpid A with 4, 5 or 6 acylated chains and is manufectured by Ribi 
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Lnmunochem, Montana. A preferred form of 3 De-Oacylated monophosphoryl lipid A 
is disclosed in European Patent 0 689 454 Bl (SmifhKline Beecham Biologicals SA). 

Preferably, the particles of 3D-MPL are small ^ougji to be sterile filtered through a 
5 0.22micron membrane (European Patent number 0 689 454). 

3D-MPL will be present in the range of lO^ig - lOO^ig preferably 25-50^ig per dose 
wherein the antigen will typically be present in a range 2-50juig per dose. 

Another preferred adjuvant comprises QS21, an Hplc purified non-toxic firaction 
10 derived firom the bark of Quillaja Saponaria Molina. Optionally this may be admixed 
with 3 De-O-acylated monophosphoryl lipid A (3D-MPL), optionally together with an 
carria. 

The method of production of QS21 is disclosed in US patent No. 5,057,540. 

15 

Non-reactogenic adjuvant formulations containing QS21 have been described 
previously (WO 96/33739). Such formulations comprising QS21 and cholesterol have 
been shown to be successful THl stimulating adjuvants when formulated togetiier with 
an antigen. 

20 

Further adjuvants which are preferential stimulators of THl cell response include 
immunomodulatory oligonucleotides, for example unmethylated CpG sequences as 
disclosed in WO 96/02555. 

25 Combinations of different THl stimulating adjuvants, such as those mentioned 

hereinabove, are also contemplated as providing an adjuvant which is a preferential 
stimulator of THl cell response. For example, QS21 can be formulated together witii 
3D-MPL. The ratio of QS21 : 3D-MPL will typically be in the order of 1 : 10 to 10 : 1; 
preferably 1:5 to 5 : 1 and often substantially 1 : 1. The prefmred range for optimal 

30 synergy is 2.5 : 1 to 1 : 1 3D-MPL: QS21. 
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Preferably a carrier is also present in the vaccine composition according to the 
invention. The carrier may be an oil in water annlsion, or an alii mitii tt m salt, such as 
aluminium phosphate or aluminium hydroxide. 

5 

A preferred oil-in-wata- emulsion comprises a metabolisible oil, such as squalene, alpha 
tocoph^ol and Tween 80. In a particularly preferred aspect tiie antigens in the vaccine 
composition according to the invention are combined with QS21 and 3D-MPL in such 
an pulsion. Additionally the oil in water emulsion may contain span 85 and/or lecithin 
10 and/or tricaprylin. 

Typically for human administration QS21 and 3D-MPL will be present in a vaccine in 
the range of l^g - 200^g, such as 10-lOO^g, preferahly lOng - SO^g per dose. 
Typically the oil in water will comprise from 2 to 10% squalene, from 2 to 10% alpha 
15 tocopherol and from 0.3 to 3% tween 80. Preferably the ratio of squalene: alpha 

tocopherol is equal to or less than 1 as this provides a more stable emixlsion. Span 85 
may also be present at a level of 1 %. In some cases it may be advantageous that the 
vaccines of the present invention will further contain a stabiliser. 

20 Non-toxic oil m water emulsions preferably contain a non-toxic oil, e.g. squalane or 
squalene, an emulsifier, e.g. Tween 80, in an aqueous carrier. The aqueous carrier may 
be, for example, phosphate buffered saline. 

A particularly potent adjuvant formulation involving QS21, 3D-MPL and tocopherol 
25 in an oil in water emulsion is described in WO 95/17210. 

While the invention has been described witii reference to certain BASB232 polypeptides 
and polynucleotides, it is to be understood that this covers fragments of the naturally 
o ccu rri n g polyp eptide andpolymideotides, and sinular polypq)tides and polynucleotides 
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with additions, deletions or substitutions which do not substantially affect the 
immunogenic properties of the recombinant polypeptides or polynucleotides, 

Composittons, kits and ad ministration 
5 In a further aspect of the invention there are provided con^ositions comprising a BASB232 
polynucleotide and/or a BASB232 polypeptide for administration to a cell or to a 
multicellular organism. 

The invention also relates to compositions comprising a polynucleotide and/or a 
10 polypeptides discussed herein or their agonists or antagonists. The polypeptides and 
polynucleotides of the inveation may be employed in combioation with a non-sterile or 
sterile carrier or carriers for use with cells, tissues or organisms, such as a pharmaceutical 
carrier suitable for administration to an individual Such compositions conqyrise, for 
instance, a media additive or a dierapeutically effective amount of a polypeptide and/or 
1 5 polynucleotide of the invention and a pharmaceutically acceptable carrier or excipient. Such 
carriers may include, but are not limited to, saline, buffered saline, dextrose, water, glycerol, 
ethanol and combinations tha-eof. The formulation should suit flie mode of administration. 
The invention fiirther relates to diagnostic and pharmaceutical packs and kits comprising 
one or more containers filled with 1, 2, 3, 4 or 5 of the ingredients of the aforementioned 
20 compositions of the invention. 

Polypq)tides, polynucleotides and other compounds of the invention may be employed 
alone or in conjunction with other compounds, such as therapeutic compounds. 

25 The pharmaceutical compositions may be administered in any effective, convenient manner 
including, for instance, administration by topical, oral, anal, vaginal, intravenous, 
inti^>eritoneal, intramuscular, subcutaneous, intranasal or intradermal routes among others. 
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In therapy or as a prophylactic, the active agent may be administered to an individual as 
an injectable composition, for exanq>le as a sterile aqueous dispersion, preferably 
isotonic. 

5 Ma further aspect, the present invention provides for pharmaceutical conqwsitions 

comprising a flierq)eutically effective amount of a polypeptide and/or polynucleotide, such 
as the soluble form of a polypeptide and/or polynucleotide of the present invention, a^mist 
or antagonist peptide or small molecule coirq)ound, in combination with a phaimaceutically 
accq)table carrier or excipient Such carriers include, but are not limited to, saline, buffCTed 

10 saline, dextrose, water, glycerol, ethanol, and combinations fliereof The invention further 
relates to pharmaceutical packs and kits comprising one or more containos filled with one 
or more of the ingredients of the aforementioned conq)ositions of the invoition. 
Polypeptides, polynucleotides and oflier compounds of the presrat invention maybe 
employed alone or in conjunction with other compounds, such as ther^eutic conqwunds. 

15 

The composition will be adapted to the route of administration, for instance by a systemic or 
an oral route. Preferred forms of systemic administration include injection, typically by 
intravenous mjection. Other injection routes, such as subcutaneous, intramuscular, or 
inlr£peritQneal,canbeused. Alternative meaiis for systemic adroinistration include 
20 transmucosal and transdernwd administration using penetrants such as bile salts or fusidic 
adds or otiier detergents. In addition, if a polypeptide or other compounds of the present 
inv^tion can be formulated in an enteric or an encapsulated formulaticm, oral 
administration may also be possible. Administration of these confounds may also be 
topical and/or localized, in the form of salves, pastes, gels, solutions, powders and the like. 

25 

For administration to mammals, and particularly humans, it is expected that the daily 
dosage level of the active agent will be firom 0.01 mg/kg to 10 mg/kg, typically around 1 
mg/kg. The physician in any event will determine the actual dosage which will be most 
suitable for an individual and will vary with flie age, weight aqd response of the particular 
30 individual. The above dosages are exemplary ofthe average case. There can, of course. 
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be individual instances where higher or lower dosage ranges are merited, and such are 
within tiie scope of this invention. 

The dosage range required depends on the choice of peptide, the route of administration, the 
S nature of the formulation, the nature of the subject's condition, and the judgment of the 
attending practitioner. Suitable dosages, however, are in the range of 0.1-100 ^g/kg of 
subject 

A vaccine composition is conveniently in injectable form. Conventional adjuvants maybe 
10 employed to enhance the immune response. A suitable unit dose for vaccination is O.S-5 
microgram/kg of antigen, and such dose is preferably administered 1-3 times and with an 
interval of 1-3 weeks. Witti the indicated dose range, no adverse toxicological effects will 
be observed with the compounds of the invention which would preclude their 
adnodnistration to suitable individuals. 

15 

Wide variations in the needed dosage, however, are to be expected in view of the variety of 
compounds available and tiie differing efficiracies of various routes of administration. For 
example, oral administration would be expected to require higher dosages than 
adnnnistration by intravenous injectioiL Variations in these dosage levels can be adjusted 
20 using standard empirical routines for optimization, as is well understood in the art. 

Sequence Databases, Sequences in a Tangible Medium, an d Alfrnrithms 
Polynucleotide and polypeptide sequences form a valuable information resource with which 
to determine their 2- and 3-ditnaisional structures as well as to identify further sequences of 
25 similar homology. These approaches are most easily facilitated by storing the sequence in a 
computer readable medium and then using the stored data in a known macromolecular 
structure program or to search a sequence database using well known searching tools, such 
as the GCG program package. 
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Also provided by the invention arc methods for the analysis of character sequences or 
strings, particularly genetic sequences or encoded protein sequences. Preferred methods 
of sequence analysis include, for example, methods of sequence homology analysis, such 
as identily-and similarity analysis, DNA, RNA and pmtein structure analysis, sequence 
5 assembly, cladistic analysis, sequence motif analysis, open reading frame determination, 
nucleic acid base calling, codon usage analysis, nucleic acid base trimming, and 
sequencing chromatogram peak analysis. 

A conq>uter based method is provided for performing homology identification. This 
10 method comprises the steps of: providing a first polynucleotide sequence comprising the 
sequence of a polynucleotide of the invention in a computer readable medium; and 
comparing said first polynucleotide sequence to at least one second polynucleotide or 
polypeptide sequence to identify homology. 

15 A computer based method is also provided for performing homology identification, said 
method comprising the steps of: providing a first polypeptide sequence comprising the 
sequence of a polypeptide of the invention in a computer readable medium; and 
comparing said first polypeptide sequence to at least one second polynucleotide or 
polypq[>tide seqi^nce to identify homology. 

20 

All publications and references, including but not limited to patents and patent 
applications, cited in this specification are herein incorporated by reference in their 
entirety as if each individual publication or reference were specifically and individually 
indicated to be incorporated by reference herdn as being fiilly set forth. Any patent 
J2S application to which this ^plication claims priority is also incorporated by reference 
herein in its entirety in the manner described above for publications and references. 
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DEBlNmONS 

"Identity," as known in the art, is a relationship between two or more polypeptide sequmces 
or two or more polynucleotide sequences, as flie case may be, as determined by comparing 
5 the sequences. In the art, "identity" also means the degree of sequence relatedness between 
polypeptide or polynucleotide sequences, as the case may be, as determined by the match 
between strings of such sequences. "Identity can be readily calculated by known 
methods, including but not limited to those described in {Computational Molecular 
Biology^ Lesk, A.M., ed., Oxford University Press, New York, 1988; Biocomputing: 
10 Informatics and Genome Projects, Smith, D.W., ed.. Academic Press, New York, 1993; 
Computer Analysis of Sequence Data, Part I, GriflBn, A.M., and GiifBn, H.G., eds., 
Humana Press, New Jersey, 1994; Sequence Analysis in Molecular Biology, von Heine, 
G., Academic Press, 1987; and Sequence Analysis Primer, Gribskov, M. and Devereux, 
J., eds., M Stockton Press, New York, 1991; and Carillo, H., and Lipman, D., SIAM J. 
15 Applied Math., 48: 1073 (1988). Methods to determine identity are designed to give the 
largest match between the sequences tested. Moreover, methods to determine identity are 
codified in publicly available computer programs. Computer program methods to . 
determine identity between two sequences include, but are not limited to, the GAP 
program in the GCG program package (Devereux, J., et al.. Nucleic Acids Research 12(1): 
20 387 (1984)), BLASTP, BLASTN (Altschul, S.F. et al., J. Molec. Biol 215: 403-410 
(1990), and FASTA( Pearson and Lipman Proc. Natl. Acad. Sci. USA 85; 2444-2448 
(1988). The BLAST fimaily of programs is publicly available firom NCBI and other 
sources {BLAST Manual, Altschul, S., et al, NCBINLM NIH Bethesda, MD 20894; 
Altschul, S., et al, J. Mol Biol 215: 403-410 (1990). The well known Smith Waterman 
25 algorithm may also be used to determine identity. 

Parameters for polypeptide sequence comparison include the following: 
Algorithm: Needleman and Wunsch, J. Mol Biol. 48: 443-453 (1970) 
Con:q>arison matrix: BLOSSUM62 jfrom HenikofTand Henikoff, 
30 Proc. Natl. Acad. Sci. USA. 89:10915-10919 (1992) 
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Gap Penalty. 8 

Gap Lraigth Penalty: 2 

A program useful wilii these parameters is publicly available as the "g^" program from 
Genetics Computer Group, Madison WI. The aforementioned parameters are the defealt 
5 parameters for peptide comparisons (along wifli no penalty for end gaps). 

Parameters for polynucleotide comparison include the following: 
Algorithm: Needleman and Wunsch, J. Mol Biol. 48: 443-453 (1970) 
Conq>arison matrix: nMtches = +10, mismatch = 0 
10 Gap Penalty: 50 

Gap LCTigth Penalty: 3 

Available as: The "g^" program from Genetics Ck)mputer Group, Madison WL These 
are the default parameters for nucleic acid comparisons. 

15 A preferred meaning for "identity" for polynucleotides and polypeptides, as the case may 
be, are provided in (1) and (2) below. 

(1) Polynucleotide embodiments further include an isolated polynucleotide 
comprising a polynucleotide sequence having at least a 50, 60, 70, 80, 85, 90, 95, 97 or 

20 100% identity to the reference sequence of SEQ ID NO:l, wherein said polynucleotide 
sequence may be identical to the reference sequence of SEQ ID NO: 1 or may include up 
to a certain integer number of nucleotide alterations as compared to the reference 
sequence, wherein said alterations ate selected from the group consisting of at least one 
nucleotide deletion, substitution, including transition and transversion, or insertion, and 

25 wherein said alterations may occur at the 5' or 3' terminal positions of the reference 

nucleotide sequence or anywhere between those termmal positions, interspersed either 
individually among the nucleotides in tiie reference sequence or in one or more 
contiguous groins within the reference sequence, and wherein said number of nucleotide 
alterations is determined by multiplying tixe total number of nucleotides in SEQ ID NO:l 
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by the integer defining the percent identity divided by 100 and then subtracting that 
product firom said total number of nucleotides in SEQ ID NO:l, or: 

nn^Xn-(xn*y)» 

5 

wherein is the number of nucleotide alterations, is the total number of nucleotides 
in SEQ ID NO:l, y is 0.50 for 50%, 0.60 for 60%, 0.70 for 70%, 0.80 for 80%, 0.85 for 
85%, 0.90 for 90%, 0.95 for 95%, 0.97 for 97% or 1.00 for 100%, and • is the symbol for 
the multiplication operator, and wherein any non-integer product of and y is rounded 
10 down to the nearest integer prior to subtracting it j&om x^. Alterations of a polynucleotide 
sequence encoding the polypeptide of SEQ ID NO:2 may create nonsCTse, missense or 
frameshift mutations in tiiis coding sequence and thereby alter the polypeptide encoded by 
the polynucleotide following such alterations. 

15 By way of example, a polynucleotide sequence of the present invention may be identical 
to the reference sequence of SEQ ID NO: 1, that is it may be 100% identical, or it may 
include up to a certain integer number of nucleic acid alterations as compared to the 
reference sequence such tiiat the percent identity is less than 100% identity. Such 
alterations are selected firam the groiip consisting of at least one niicleic acid deletion, 

20 substitution, mcluding transition and transversion, or hasertion, and wherein said 

alterations may occur at the 5' or 3' terminal positions of the reference polynucleotide 
sequence or anywhere between those temiinal positions, interspersed dtiier individually 
among the nxicleic acids in the reference sequence or in one or more contiguous groups 
within the reference sequence. The number of nucleic acid alterations for a given percent 

25 identity is determined by mxiltiplying the total number of nucleic acids in SEQ ID NO: 1 
by the integer defining the percent identity divided by 100 and then subtracting that 
product &om said total number of nucleic acids in SEQ ID NO:l, or: 

nn^Xn-(Xn*y), 



84 



VB60452 



wherein Hn is the number of nucleic add alterations, is the total number of nucleic 
acids in SEQ ID NO:l, y is, for instance 0.70 for 70%, 0.80 for 80%, 0.85 for 85% etc., • 
is the symbol for the multiphcation operator, and wherein any non-integer product of Xn 
5 and y is rounded down to die nearest integer prior to subtracting it from Xn- 



(2) Polypeptide embodiments further include an isolated polypeptide comprising a 
polypeptide having at least a 50,60, 70, 80, 85, 90, 95, 97 or 100% identity to a 
polypeptide reference sequeace of SEQ ID NO:2, wherein said polypeptide sequence may 
10 be identical to the reference sequence of SEQ ID NO:2 or may include up to a certain 

integer number of amino acid alterations as compared to the reference sequence, wherein 
said alterations are selected from the group consisting of at least one amino acid deletion, 
substitution, including conservative and non-conservative substitution, or insertion, and 
wherein said alterations may occur at the amino- or carboxy-temiinal positions of the 
15 reference polypeptide sequence or anywhere between those terminal positions, 

interspersed either individually among the amino acids in the reference sequence or m one 
or more contiguous gfoaps witbin the reference sequence, and wherein said number of 
amino add alterations is deteraiined by multiplymg the total number of amino acids in 
SEQ ID NO:2 by the integer defining the percent identity divided by 100 and then 
20 subtracting that product from said total number of amino adds in SEQ ID NO:2, or: 

na^Xa-(xa*y), 

wherein na is the number of amino acid alterations, Xa is the total number of amino acids 
25 in SEQ ID NO;2, y is 0.50 for 50%, 0.60 for 60%, 0.70 for 70%, 0.80 for 80%. 0.85 for 
85%, 0.90 for 90%, 0.95 for 95%, 0.97 for 97% or 1.00 for 100%, and • is the symbol for 
die multq)Ucation operator, and wherdn any non-integer product of Xa and y is rounded 
down to the nearest integer prior to subtracting it from Xa. 
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By way of example, a polypeptide sequence of the present invention may be identical to 
the reference sequence of SEQ ID NO:2, that is it may be 100% identical, or it may 
include up to a certain integer number of amino acid alterations as compared to the 
reference sequence such that the percent identity is less than 100% identity. Such 
5 alterations are selected jfrom the group consisting of at least one amino acid deletion, 
substitution, including conservative and non-conservative substitution, or insertion, and 
wherein said alt^ations may occur at the andno- or carboxy-terminal positions of the 
reference polypeptide sequence or anywhere between those terminal positions, 
interspersed either individually among the amino acids in the reference sequence or in one 
10 or more contiguous groups within the reference sequence. The number of amino acid 

alterations for a given % identity is determined by multiplying the total number of amino 
acids in SEQ ID NO:2 by the integer defining the percent identity divided by 100 and then 
subtracting that product firom said total number of amino acids in SEQ ID NO:2, or: 

15 na<Xa-(xa*y), 

wherein is the number of amino acid alterations, Xa is the total number of amino acids 
m SEQ ID NO:2, y is, for instance 0.70 for 70%, 0.80 for 80%, 0.85 for 85% etc., and • is 
the symbol for the multiplication operator, and wherem any non-integer product of Xa and 
20 y is rounded down to the nearest integer prior to subtracting it £ix)m Xa- 

The terms "comprising", "comprise" and "comprises" herein is intended by the inventors to 
be optionally substitutable with the terms "consisting of, "consist of, and "consists of, 
respectively, in every instance. 

25 

"Immunogenic composition" in the context of a polynucleotide means that when the 
polynucleotide is introduced into a host and protein is expresssed &om that 
polynucleotide, the expressed protein is immunogenic. 
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"Individual(s)," when used herein with referrace to an organism, means a multicellular 
eukaryote, including, but not limited to a metazoan, a mammal, an ovid, a bovid, a simian, 
a primate, and a human. 

5 "Isolated" means altered •l)y the hand of man" fiom its natural state, i.e., if it occurs in 
nature, it has been changed or removed fiom its original environment, or both For example, 
a polynucleotide or a polypeptide naturally present in a Uving organism is not **isolated," but 
the same polynucleotide or polypeptide separated from the coexisting materials of its natural 
state is "isolated", as the term is en:q)loyed herein. Moreover, a polynucleotide or 

10 polypeptide that is introduced into an organism by transformation, genetic manipulation or 
by any other recombinant method is "isolated" even if it is still present in. said organism, 
which or^naism may be living or non-living. 

"Polynucleotide(s)" generally refers to any polyribonucleotide or polydeoxyribonucleotide, 
1 5 which may be unmodified RNA or DNA or modified KNA or DNA including single and 
double-stranded regions. 

"Toxin" preferably includes a toxoid form of the toxin. 

20 "Variant" refers to a polynucleotide or polypeptide that diffes fix)m a reference 

polynucleotide or polypeptide, but retains essential properties. A typical variant of a 
■polynucleotide differs in nucleotide sequence fi»m another, reference polynucleotide. 
Changes in the nucleotide sequence of the variant may or may not alter the amino acid 
sequence of a polypeptide encoded by the reference polynucleotide. Nucleotide changes 

25 may result in amino acid substitutions, additions, deletions, fiisions and truncations in 
the polypepti de encoded by the reference sequence, as discussed below. A typical 
variant-of a polypeptide differs in amino acid sequence from another, reference 
polypeptide. Generally, differences are hmited so that the sequences of the reference 
polypeptide and the variant are closely similar overall and, in many regions, identical. 
30 A variantand reference polypq)tide may differ in amino add sequence by one or more 
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substitutions, additions, deletions in any combination. A substituted or inserted amino 
acid residue may or may not be one encoded by the genetic code. A variant of a 
polynucleotide or polypq>tide may be a naturally occurring such as an allelic variant, or 
it may be a variant that is not known to occur naturally. Nbn-naturally occurring 
variants of polynucleotides and polypeptides may be made by mutagenesis techniques or 
by direct synthesis. 

"Disease(s)" means any disease caused by or related to infection by a bacteria, including, 
for example, otitis media in infents and childrai, pnevimonia in elderiies, sinusitis, 
nosocomial infections and invasive diseases, chronic otitis media with hearing loss, fluid 
accumulation in the middle ear, auditive nerve damage, delayed speech learning, infection 
of the upper respiratory tract and inflammation of the middle ear. 



88 



VB60452 



EXAMPLES: 

The examples below are carried out using standard tedmiques, which are well 
known and routine to those of skill in the art, except where otherwise described in 
5 detail. The examples are illustrative, but do not limit the invention. 

r Cloning of the BASB23:^ a^nes B. pertussis strain Tehama L 

. Genomic DNA is extracted ftom the B. pertussis strain Tohama I fix)m 10*® bacterial 
10 cells using flie QIAGEN genomic DNA extraction kit (Qiagen Gmbh). This material 
(lug) is then submitted to Polymerase Cham Reaction DNA amplification using two 
specific primers. A DNA fragment is obtained, digested by the suitable restriction 
endonucleases and mserted into the compatible sites of the pET cloning/ejqpression 
vector (Novagen) using standard molecular biology techniques (Molecular Cloning, a 
15 Laboratory Manual, Second Edition, Eds: Sambrook, Fritsch & Maniatis, Cold Spring 
Harbor press 1989). Recombinant pET-BASB232 is then submitted to DNA sequencing 
using the Big Dyes kit (AppUed biosystems) and analyzed on a ABI 373/A DNA 
sequencer in the conditions described by the suppher. 

20 TT-vamnle 2: ECTression apd nnrificatio n nf recombinant BASB232 proteins in 
Escherichia coU. 

The construction of the pET-BASB232 cloning^expression vector is described in Example 
1. This vector harbours the BASB232 gene isolated fixMn Bordetella pertussis stram 

25 Tohama I in fusion with a stretch of 6 ffistidine residues, placed under the control of the 
strong bacteriophage T7 gene 10 promoter. For expression study, this vector is introduced 
iito the Escherichia coli strain Novablue (DE3) (Novagen), in which, the gene for the T7 
polymerase is placed under the control of the isopropyl-beta-D thiogalactoside (IPTG)- 
legalatable lac promoter. Liquid cutturBS (100 ml) of the Novablue (DE3) [pET- 

30 BASB232] E. coli recombinant strain are grown at ZTC under agitation until the optical 
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density at 600nm (OD600) reached 0.6. At that tune-point, IPTG is added at a final 
concentration of ImM and the culture is grown for 4 additional hours. The culture is then 
centrifuged at 10,000 rpm and the pellet is jfrozen at -20°C for at least 10 hours. After 
thawing, the pellet is resuspended during 30 min at 25^C in buffer A (6M guanidine 

5 hydrochloride, O.IM NaH2P04, 0.OIM Tris, pH 8.0), passed three-times through a needle 
and clarified by centrifiigation (20000tpm, 15 min). The sample is then loaded at a flow- 
rate of Iml/min on a Ni2+ -loaded Hitrap column (Pharmacia Biotech), After passsage of 
the flowlhrough, the column is washed succesively with 40ml of buffer B (8M Urea, 
0.1MNaH2PO4, O.OIM Tris, pH 8.0), 40ml of buffer C (8M Urea, 0.1MNaH2PO4, 

10 O.OIM Tris, pH 6.3). The recombinant protein BASB232/His6 is then eluted &om the 
column with 30nil of buffer D (8M Urea, 0.1MNaH2PO4, O.OIM Tris, pH 6.3) containing 
50QmM of imidazole and 3ml-size fi:actions are collected. Highly enriched 
BASB232/His6 protein can be eluted from the column. This polypeptide is detected by a 
mouse monoclonal antibody raised against flie 5-histidine motif. Moreover, the denatured, 

15 recombinant BASB232-His6 protein is solubilized in a solution devoid of urea. For this 
purpose, denatured BASB232-His6 contained in 8M urea is extensively dialyzed (2 hours) 
against buffer R (NaCl ISOmM, lOmM NaH2P04, Argmine 0.5M pH6.8) containing 
successively 6M, 4M, 2M and no urea. Alternatively, this polypeptide is purified under 
non-denaturing conditions using protocoles described in the Quiexpresssionist booklet 

20 (QiagenGmbh). 

Example 3; Production of Antisera to Recombinants BASB232 

Polyvalent antisera directed against the BASB232 protem are generated by vaccinating 
rabbits with the purified recombinant BASB232 protein. Polyvalent antisera directed 
25 against the BASB232 protein are also generated by vaccinating mice with the purified 
recombinant BASB232 protein. Animals are bled prior to the first immunization ("pre- 
bleed") and after the last immunization. 
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Anti-BASB232 proteiri titers are measured by an ELISA using purified recombinant 
BASB232 protein as the coating antigen. The titer is defined as mid-point titers 
calculated by 4-parameter logistic model using the XL Fit software.The antisera are also 
used^thcLfirst antibody to identify liie protein in a western blot as described in 
example 5 below. 

Example 4? Tmnmnological characterization : Surface exposure of BASB232 
Anti-BASB232 proteins titres are determined by an ELISA using formalin-killed whole 
cells oiBordetella pertussis (B.pertussis). The titer is defined as mid-point titers 
calculated by 4-parameter logistic model using the XL Fit software. 

Example 5- Tmmnnoloffical Characterisation; W estern Blot Analysis 

Several strains of B.pertussis, as well as clinical isolates, are grown on Bordet Gengou 
agar plates for 24 hours at 36°C and 5% CO2. Several colonies are used to inoculate 
Tryptic Soy Agar (TSA) broth supplemented by NAD and hemin, each at 10 jig/ml. 
Cultures are grown until the absoibance at 620nm is approximately 0.4 and cells are 
collected by centrifugation. Cells are then concentrated and solubilized in PAGE 
sample buffer. The solubilized cells are then resolved on 4-20% polyacrylamide gels 
and the separated proteins are electrophoretically transferred to PVDF membranes. The 
PVDF membranes are then pretreatedwiflisatiffation buffer. All subsequent 
incubations are carried out using this pretreatment buffer. 

PVDF membranes are incubated with preimmune serum and rabbit or mouse immune 
serum. PVDF membranes are then washed. 

PVDF membranes are incubated with biotin-labeled sheep anti-rabbit or mouse Ig. 
PVDF membranes are then washed 3 times with wash buffer, and incubated with 
streptavidin-peroxydase. PVDF monbranes are thm washed 3 times with wash buffer 
and developed with 4-chloro-l-naphtol. 
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Example 6; Presence of Antibody to BASB232 in Human Conv alescent Sera 

Western blot analysis of pimj5ed recombinant BASB232 is performed as described in 
Example 5 above, except that a pool of human sera from children infected by 
B.pertussis is used as the first antibody preparation. 

5 

Example 7: Efficacy of BASB232 vaccine; enhancement of Inng clearance of 
B.pertussis in mice. 

This mouse model is based on the analysis of the lung invasion by B.pertussis following 

a standard intranasal challenge to vaccinated mice. 
10 Groups of mice are immunized with BASB232 vaccine. After tiie booster, the mice are 

challenged by instillation of bacterial suspension into the nostril under anaesthesia. 

Mice are killed between 30 minutes as well as 2, 5 and 8 days after challenge and the 

lungs are removed asqptically and homogenized individually. The loglO weighted mean 

number of CFU/lung is determined by counting tiie colonies grown on agar plates after 
15 plating of dilutions of the homogenate. The arithmetic mean of the loglO weighted 

mean number of CFU/lung and the standard deviations are calculated for each group. 

Results are analysed statistically. 

In this experiment groups of mice are immunized either with BASB232 or with a killed 
whole cells (kwc) preparation of B.pertussis or sham im munized. 

20 

Example 8i Useful Epitopes 

The B-cell epitopes of a protein are mainly localized at its surface. To predict B-cell 
epitopes of BASB232 polypeptides two methods were combined: 2D-stracture 
prediction and antigenic index prediction. The 2D-structure prediction was made using 
25 the PSIPRED program (fiom David Jones, Brunei Bioinfonnatics Group, Dept. Biological 
Sciences, Brunei University, Uxbridge XJB8 3PH, UK). The antigenic index was 
calculated on the basis of the method described by Jameson and Wolf (CABIOS 4:181- 
186 [1988]). The parameters used in this program are the antigenic index and the 
yriminiRl length for an antigenic peptide. An antigenic index of 0.9 for a m ini mu m of 5 
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consecutive amino acids was used as threshold in the ptogram. Peptides comprising 
good, potential B-cell epitopes are listed in tsible 5. These can be useful (preferably 
conjugated or recombinantiy joined to a larger protdn) in a vaccine composition for tiie 
prevention of Bordetella infections, as could similar peptides comprising conservative 
mutations (preferably 70, 80, 95, 99 or 100% identical to the sequences of table 5) or 
truncates comprising 5 or more (e.g. 6, 7, 8, 9, 10, 11 or 12) amino acids tiierefiom or 
extensions comprising e. g. 1, 2, 3, 5, 10 further amino acids at either or both ends ftom 
the native context of BASB232 polypeptides which preserve an effective epitope which 
can elicit an immune response in a host against the BASB232 polyp^tides. 

Table 5: Potential B-cell epitopes from SEQ ID NO:34 



Position 


Sequence 


56 


QDAGQBGEF 


84 


DDDPDELGE 


106 


EHKNPMS 


236 


PGFPPPPPPIjP 


265 


GQDGK 


339 


DGANT 


381 


TLRQTRI 


404 


PQSGSG 


538 


nraiKPXi 


579 


ADSRVQD 


599 




628 


QNDQIi 


636 


GRADGQ 


653 


ADSRGA 


692 


AEDPKT 


753 


TFSERQQISNRH 


766 


RAYDQT 


785 


ASGGRW 


800 


YADRTYPGDGGG 


839 


GRYDQQY 


858 


DYRTSG 


8.69 


EGGRRP 


893 


TSGKRYRASN 


944 


QEFKSTGDVRTNG 


962 


AGRHGR 


! 1004 


AGYRYSF 



TheT-helper cell epitopes are peptides bound to HLA class n molecules and recognized 
by-T-hdper ceUs. The laredictiaft of useful T-helper cell epitopes of BASB232 
15 polypeptides was based on tiie TEPrroPE method describe by Stumiolo at al. (Nature 
Biotech. 17: 555-561 [1999]). Peptides comprising good, potential T-cell epitopes are 
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listed in table 6. These can be useful (preferably conjugated to peptides, polypeptides or 
polysaccharides) for vaccine purposes, as could similar peptides comprising 
conservative mutations (preferably 70, 80, 95, 99 or 100% identical to the sequences 
below) or truncates comprising 5 or more (e.g. 6, 7, 8, 9, 10, 11, 12, 14, 16, 18 or 20) 
amino acids therefrom or ejctensions comprising e. g. 1, 2, 3, 5, 10 fiirther amino acids 
at either or both ends from the native context of BASB232 polypeptides which preserve 
an effective T-helper epitope from BASB232 polypeptides. 



Table 6: Potential T-helper cell epitopes from SEQ ID NO:34 



Position 


Sequence 


20 




34 


MARLiAirAftA 


105 


VBHKNPMSK. 


118 


VRVS G AoKA 


144 


VVRRGGTIjBLuJQVTVA 


164 


MEPMTVSDa 


192 


T T TT% TV TV 

IjVRAAQGGQ 


208 


T /^eiTT TV T T TVTl^'ir^OT G 

XiQS XXjGFALi X AUViVso ± o 


270 


VTIiRfiVAliRAxivsf'QA Jl 


287 


VYAYinPGS £ 1 


298 


IiQGGTVSVw 


329 


VRLuJoX JL Vo 


347 


JjVxvVjuJAAKAiS V V£i X V JJX1.X AAOlJAn. 


.3 O V 




420 


ITTTGNRAA 


444 


VRAEGSGSS 


461 


LWSAGSIiAS 


483 


IiKLMPGAIiASS 


497 


VRLTDGATA 


513 


LQQHSTIPV 


535 


IVADCaJKPIi 


563 


VLQSATIiGK 


576 


WNADSRVQD 


586 


MSMRGGRVEPQAPAPE 


609 


LQTLDGNGVFVLNTNVAA 


644 


VIjVRNAGGEA 


660 


LGIiVHTQGQ 


673 


FRIiANVGKAVD 


687 


WRYSIiAEDP 


699 


VWSLQRAGQAIiS 


725 


XAIiAESNAL 


740 


IjRIjRADAGGPWARTFSERQ 


824 


YVGDGGYYLDTVLRLGRYDQ 


845 


YNIAGTDGG 


859 


YRTSGAAWS 


888 


VMLWRTSGKRYRASNGLRV 


915 


LGRIiGLRFGRRIAIiAG 


934 


VQPYARLGW 


952 


VRTNGIGHA 


996 


INXPHSFHA 
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The same analyses (B-cell epitopes prediction and T-helper cell epitopes prediction) 
could be done for each B ASB232 polypeptide sequence comprised in SEQ Group 2. 

Example 9: Expression of BrkA 

BrkA is a 1010 amino acid protein. A pET30b expression vector containing amino 
5 acids 60-702 of BrkA, fused at the C and N-terminal to a 6x-His tag was used to 
express BrkA in E, coli. The bacteria were grown to an OD600 of approximately 0,6 
and induced with ImM IPTG for 2 hoxirs. Recombinant BrkA was purified under 
denaturing conditions using the protocol in the Xpress System Protein Purification 
manual (Invitrogen, Carlsbad, CA). The bacteria were lysed in 6M guanidine 
10 hydrochloride and the lysate was applied to to Ni2+ -nitrilotriacetic acid agarose 
(Qiagen, Mississauga, Ont.)- After successive washes in 8M urea of decreasing pH, 
purified BrkA was eluted at pH 4 and the firactions were pooled. The urea was 
removed by slow dialysis at 4 °C against lOmM Tris, pH 8.0 in the presence of 0.1% 
Triton X-100. 

15 

The purified protein was refolded so that it has a beta-structure resembling PRN 
(monitored by CD) and was fimctional in a serum assay. The protein was filter sterilized 
and is diluted in lOmM Tris buffer, pH 8 at a concentration of approximately 0.4mg/ml. 

20 Example 10: Formnlation of vaccines 

Six vaccines were formulated: 

1. DTPa018A2 - contains 6.25Lf DT, 2.5Lf TT, 6.25ug PT and 6.25ug FHA per 
mouse dose. All antigCTS were adsorbed separately onto Al(OH)3 before 

.25 cmnhining, 

2. DTPal4885B9 - contains 6.25Lf DT, 2.5Lf TT, 6.25ug PT, 6.25ug FHA and 2ug 
pertaotin per mouse dose. . All antigens were adsorbed separately onto Al(OH)3 
before cc^nbining. 
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3. DTPwl3126A9 - contains 6.25Lf DT, 2,5Lf TT and 1 LU.whole cell B. pertussis 
per mouse dose. All antigens were adsoxbed separately onto Al(OH)3 before 
combining. 

4. DTBikA - contains 6.25Lf DT, 2.5Lf TT and 2.5ug BricA per mouse dose. All 
5 antigens were adsorbed separately onto Al(OH)3 before combining. 

5. DTPa-2 BrkA - contains 6.25Lf DT, 2.5Lf TT, 6-25ug PT, 6.25ug FHA and 2.5ug 
BikA per mouse dose. . All antigens were adsorbed sq)arately onto Al(OH)3 
before combining. 

6. DTPa-3 BrkA - contains 6.25Lf DT, 2.5Lf TT, 6.25ug PT. 6.25ug FHA, 2ug 
10 pertactin and 2.Sug BrkA per mouse dose. All antigens were adsorbed separately 

onto Al(OH)3 before combimng. 

Example 11; Protection against lung invasion by B. pertussis in an animal model 

15 Groups of 20 BALB/c mice (females, 5 weeks old) were immunized subcutaneously 
with V4 of a hiiman dose (125 |il of vacciue) and were boosted 3 weeks later. One week 
after the booster, a sample of blood was collected from each mouse for antibody 
determination. The mice were then challenged by instillation of SO ^1 of bacterial 
suspension (+/- 5 10^ CFU/50 ^1) mto the left nostril under ether anesfliesia. Five mice 

20 in each group were killed at 4 different times (2 hours, 2, 5 and 8 days) after challenge 
and the lungs were removed as^tically and homogenized individually. The loglO 
weighted mean number of CFU/lung was determined by counting the colonies grown 
on Bordet-Gengou agar plates after plating of 100 jxl of 4 serial dilutions of the 
homogenate. The arithmetic mean of the loglO weighted mean number of CFU/lung 

25 and the standard deviation were calculated for each group and each time point 

Three experiments were p^onned. The same vaccine groups were included in each 
e>q>eriment but animals were eitber challenged with B. pertussis strain Tohama, B. 
pertussis strain 1 8323 or B. parapertussis. 
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The day before challenge, blood was collected fi:om each mouse. The anti-PT, anti- 
FHA, anti-PRN and anti-BrkA antibody levels were determined by ELISA. The 
geometrc mean titre for each group of mice was calculated. 

S Example 12; B. pertussis strain Tehama challenge 

Iq one e>q>eriment immunized mice were challenged with B. pertussis strain Tohama. 
The number of CFUAung at each timepoint after challenge and for each group is 
sunmiarized in the figure 1. The experiment had low variability with the data having a 
mean square error of is 0.450. 

10 Statistical analysis of tiie data using ANOVAl was used to assess the data. No 
significant diffCTiece was seen bewe^ the protection against B. pertussis offered by 
DTBrkA conpared to control, indicating that . immunisation with BrkA alone is 
insufficient to elicit protection. In contrast, the addition of BikA to a DTPa-2 vaccine 
produced a statistically significant increase in protection showing that, in combination 

15 with PT and FHA, BrkA can produce additional protection. The level of protection 
conferred by DTPa-2 BrkA was statistically slightly less than that conferred by DTPa- 
3 which conferred protection statistically equivalent to DTPw. The DTPa-3 BrkA 
vaccine provided excellent protection firom challenge after 2 and 5 days but less 
protection after day 8. 

20 

Example 13; B. pertussis strain 18323 challenge 

In this experimOTt, immunized mice were challenged with B. pertussis strain 18323. 
The number of CFU/lung at each timepoint after challenge and for each group is 
summarized in figure 2. The experiment showed low variability with the mean square 
25 error of the experiment being 0.402. Statistical analysis using ANOVAl showed that 
again DTBrkA did not provide an significant protection over the control. However, 
DTPa-2 BrkA provided better protection than DTPa, showing that BikA, m 



i 

97 



VB60452 



combination with other B. pertussis antigens gives additional protection. The 
protection achieved by vaccination with DTPa-2 BrkA|, against chaUenge with B. 
pertussis strain 18323, was statistically equivalent to that provided by DTPa-3, DTPa- 
3BikAandDTPw. 

F.xample 14: Comparison of protection again st B. pertussis and B. parapertussis 
in mice vaccinated with DTPw or DTPa 



Groups of 25 or 30 BALB/c mice (females, 5 weeks old) were immunized 
10 subcutaneously with % of a human dose of DT, DTPa or DTPw fiom different sources 
(125 ^1 of vaccine) and were boosted 3 weeks later. The sources of DTPw were Triple 
antigen (CSL), Tri-immune (Lederle), Pentacoq (MSD), Combivax (Behring), Infanrix 
(SB), DKTP (RVM), DTPw (Connaght) and Trivax (Wellcome). The sources of DTPa 
werelnfenrix (SB), Triacel (PMCS), DI-TE-KIK (Amvax), Acell-immune (Lederle), 
15 Tropedia (Biken), Tricelluvax (Biocine/Chiron), Pentavac (PM-MSD) and DTPa-2 
(SB). One or two weeks after the booster, a sample of blood was collected &om each 
mouse for antibody determination. The mice wrae then challenged by instillation of 50 
jil of bacterial suspension (+/- 5 10** CFU/50 fil) into the left nostril under anaestheaa. 
Five mice in each grotq) were killed at 5 or 6 different times (ranging fiom 2 hours to 
20 14 6&ys) after challenge and the lungs were removed aseptically and homograiized 
individually. The loglO weighted mean number of CFU/lxmg was determined by 
counting the colonies grown on Bordet-Gengou agar plates after plating of 100 ^1 of 4 
serial dilutions of the homogenate. The arithmetic mean of the loglO weighted mean 
number of CFU/lung and the standard deviation were calculated for each group and 
25 each time point. 

The day before challenge, blood was collected from each mouse for determination of 
the anti-PT, anti-FHA and anti-PKN antibody levels by BLISA- The geomean titre for 
each group of mice was calculated. 
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Results were analysed statistically by applying 1-way and 2-way ANOVA after 
assuming equality of variance (checked by Brown and Forsythe's test) and normality 
(checked using the Shapiro-Wilk test). Differences between groups were analysed 
using tiiie Dunnet test, Tukey's studentised range test (HSU) and Student-Newman- 
S Keuls test 

Results are shown in figure 3, and show that the DTPw vaccines induced good lung 
clearance ofB. pertussis and B. parapertussis. However, DTPa vaccines induced 
strong lung clearance of B. pertussis but only limited clearance of A parapertussis. 

10 

This experiment demonstrates that antigens present in the DTPw vaccine and absent 
fijom the DTPa vaccine are protective against parapertussis. Moreover, the antigens 
present in the DTPa vaccine, specifically FHA and pertactin, may display antigenic 
variabihty when conq>ared to the corresponding parapertussis antigens. 

15 



20 
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Deposited materials 

A deposit of strain 3 (strain 3224A) has been deposited with the American Type Culture 
Collection (ATCC) on May 5 2000 and assigned deposit number PTA-1816. 

5 

The B. pertussisjUxwi deposit is referred to herein as "the deposited strain" or as "the DNA 
of the deposited strain." 

The deposited strain contams a foil l^gth BASB232 gene. 

10 

The sequence of the polynucleotides contained in the deposited strain, as well as the amino 
acid sequence of any polypeptide encoded thereby, are controlling in the event of any 
conflict with any description of sequences herein, 

15 The deposit of the deposited strain has been made under the terms of the Budapest Treaty on 
file IhtOTiational Recognition of tihie Deposit of Micro-or^misms for Purposes of Patent 
Procedure. The deposited strain will be irrevocably and without restriction or condition 
released to the public upon the issuance of a patent. The dqwsited strain is provided merely 
as convenience to those of skill in the art and is not an admission that a deposit is required 

20 for enablement, such as that requhed under 35 U,S.C. §1 12. A license may be required to 
make, use or sell the deposited strain, and compounds derived therefrom, and no such 
license is hereby granted. 
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SEQUENCE INFORMATION 

BASB232 Polynucleotide and Polypeptide Sequences 

5 SEQ group 1 contains SEQ ID NOS: 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 35, 27, 29, 31, 33, 
35, 37, 39, 41, 43, 45, 47, 49, 51, S3, 55, 57, 59, 61, 63, 65, 67, 69, 71, 73, 75, 77, 79, 81, 83, 85, 

87. 89. 91. 93. 95 and 97. 

SEQ group 2 contains SEQ ID NOS: 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 
10 36, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 72, 74, 76, 78, 80, 82, 84, 86, 

88. 90. 92. 94. 96 and 98. 

SEQ ID NO:l polynucleotide sequence of Orfl 

:cc 



15 



20 



25 



30 



35 



40 



45 



Atgtccaccccccgattcgcgctgcattacgccagcgcgtcagtcctgctggccgcat^w 
Ggcctggccatggcgcagacggccacccagatccacgatccgtcgcaggtgcagcagatg 
Gcgacggtgcaggtgctgggcacggccgaagaggaaatcaaggagtcgctgggcgtctcg 
gtcatcaccgccgaggagatcgcccgccgcccgcccaccaatgacctgtccgacctgatc 
cgccgcgaacccggcgtcaacctgaccggcaacagcgccagcggcgcgcggggcaacagc 
cgccaggtcgacatccgcggcatgggccccgagaacaccctcatcctgatcgacggcaag 
cccgtcacctcgcgcaatgcggtgcgctatggctggaacggcgaccgggacacgcgcggg 
gacaccaactgggtgcccgccgaggaagtcgagcgcatcgaagtgatccgcggcccggcc 
gccgcccgctacggttccggggccatgggcggcgtggtcaacatcatcaccaagcgcccc 
gccgatcgcgccaccggctccatcacctactacacgaaccagccggaagacagccgcgag 
ggcaacaccaaccgcgtcaatgcgcgcatcagcgcgccgatcagcgacacgctgagcatg 
cggctgtacggcaactacaacaagaccaatccggatgcccgcgacatcaacgccggccac 
gcgaacaccagcgacaacggcaacccctcgaccgccggacgcgagggcgtcatcaaccag 
gacctgagcgcgctgttctcgtggaaagccgacagccacaacaccgtggacctggacatg 
ggcttcagccggcagggcaacctgttcgccggcgacaccatgaacaacgccaacagcgac 
ttctcggacagcctgtacggcaaggaaaccaatgcgatgtaccgcgagaactatgcgctg 
acgcaccgcggcgtctacgactggggcacctcgcgcgccagcgtcggctatgactacacg 
cgcaacgcgcgccagcgcgaaggcctggccggcggccccgagggcgcgcccaccgcgggc 
ggctacgacaccgcgcgcctgaagaactggcgcgccgcggccgaggccagcgtgccgttc 
catctcggtttcgagcaggtcgccacggtcggcgtggaatggctgcgcgaatcgctggaa 
gaccccgccggcacgcgccagacctataccggcggcgccatcggcggcacggccccggcc 
gaccgcgacccgaaatcgcgccagaccagctatgcgctgttcgccgaggacaacatcgag 
atcgacgagcgcaccatgctcacgcccggcgtgcgcctggaccacaacagcgaattcggc 
agcaactggagtcccagcctgaacgcctcgtacgccgtcaccgacgcgctcaagctcaag 
ggtggcatcgcgcgcgcctacaaggcgcccaacctctaccaatccaaccccaactacctg 
ctgtacagccgcggcaatggctgcctggcctcgcagaccaacaccaacggctgctatctg 
gtcggcaacgaggacctctcgccggaaaccagcgtcaacaaggaaatcggcttcgagtac 
gacccgggcacgtggcgcaccagcatggcctatttccgcaacgactaccgcaacaagatc 
gtcgccggcaccgacgtccagtaccgcctggccaatggcgcccgggtgctgcaatggacc 
aacagcggcaaggccgtggtcgaagggctggaaggcaacctgttcattccgctggccagc 
aatctcgactggaacaccaacttcacctacatgatccagtccaaggaaaaggctaccggc 
gaacccttgagcgtgattcccgaatacaccatcaacagcacgctggactggttctacacg 
ccgcagctgtcgttccaggccaatctcacctattacggcaagcaggaaggcccgtccacc 
aatgtacgcaccggcgtcgaactgaacggcgacggccgccagaccatcagtccgtatgcc 
ctggcgggcctgagcatgggctacgaagtcaaccggaacctgaagttccgcgtcggcgtg 
agcaacc.t gtfcgaca agcagctgtaccgcgaaggea at g cca gcagcgcgggcgcggcc 
Laccggggcgcgcctattacgccacggcgacggtgtcgttctga 



ac 
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10 




15 TYNEPGKAYYATATVSF 

SEQ ID NO:3 polynudeotide sequence of Orf2 
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ttgcgctatcgctggtga 



SEQ ID NO:4 polypeptide sequence of OifZ 

VPSRSQKHPSWRLSPCVIJiJ^CyWAVGSM 
5 RRAGVVLSPDP7^VQGRSTAGLQGVY<5ViaDGFAALIiAGSGLQARAGGGm^ 

DAQTIiAPVTVLGLEGALAPTVGYVAS ASLSGTKTDTPL lETPQS I SWTRDQITEQGAQT 
LNQVLRYTAGVATETRGATATRLDQFSWGFSAATYIiDGMRVFGGIUDALPQV^ 
DVLKGPASVLYGQGGPGGVVNQVSKRPIjDEPLREIEVQAGNFDFRRVNiyiDFSG^ 
FLYRVTGAAYMSDGQVDHTRERRYFVSPSFTWRPSADTTLTVLTNFQRDPDM 

1 0 MRTLLS APDGRRLGPNHYDGDADFEKSDRRS YSLGYQLEHRFinDTFKASQNIiRFQHAEGV 
YRSIYGASlWimYGyiiDKDYRYSQRGIiAISDVDVDAPTIDimiQARFD 
YQRVQTDTIjSGY<5SAPPIiDVFDPDYHMGIERPPPTSDQTQYNyQTGIjYLQDQIRIiDRLSIj 
LLGGRYDWSRTHTGTDNIiANGSHSSSALAAEAFTGRVGAIYNFDNGVAPY^ 
TGTGWNNTPFKPTEGKQYEVGVKYQPPGSATLLTIiAAFDIRRKOTjPTTDPDPT^ 

15 CS IQAGEWTRGIELEAKTEPLRGIiSLIAAYSYIiDlTEYEKAYPimXSIiDLKGKKPV^^ 
HQASAWARYQLQEGPIlAGLGMGAG^^lYIGSSYANETOTLK^n?SVTLVDM^^ 
ALKXSMQVAIiWSNLFDKEYIGSCIiSDSWCWYQYQRSIKASIiRYRW 



SEQ ID NO:5 polynucleotide sequence of Oii3 

20 Atgcgagccagaccgagcgcggcaacccgcgccctgcactcatcgtcgcgcccccgccgc 
Ctgatccctgccctgctgggcgcgcttgcctgcctgggcactggcgtacaggccgcgccc 
Atcgacgtcgatatcccgccccagaacctggcccaagccctgcaccagcttggccggcaa 
gccaacctgcaggtcctgtacagccaggacctggtcgatggccagcgcagccccgccgtg 
cagggccgcatggaacctgccgaagcgctggaacgcctgctgaaaggccgcaacatccgc 
25 tattcgatccagcacaacaccgtcacgctcacgcccatgccgctgactgcgacgctgccg 
gcaatcagcgtggtcggcgccctgcctgactccgacacctacgtggccacaggcacgaca 
gccggcaccaagacggacacgccgctgatcgaaataccgcaatccatttcggtggtgacc 
gccgcgcagatccgcgagcagaatccgcagacgctgggcgacgccgtgcgctacacgccc 
ggtatcgtggtgcaggaaggattcaaccgcaccgacgatcctttcatcatccgcggcttc 
30 gacgtccgcaccaatcccggcgtcatgttccgcgacgggctgaaaatccccctgccccat 
tacagcgcgatgtccgaaccctacgcgctcgaacgcatcgaggtcgtgaaaggccccgct 
tcggtgctgtacggacaggcctcgccaggcggcatcgtcaacgtggtatccaagcggccg 
acagacagcccgctgcgcgagctgcagctgagcggcggctcgcacagcaacaggcagctc 
gccggcgacttcggcggacgcatcgacgacgagggacggctgacctaccgcctgaccggc 
35 ctggcgcgcaatgccgacacgatgatcgaccatgtcccggacgaccgctactatctcgcc 
cccgcgctgacctggcgcatcagcccggacacctcgctgacgctgctggcgagctacatg 
aagaacaagaccatcaacaacgccggctacccgctcgaaggcacggtcaagtacaacccc 
aacggccgcatcccgcgtcaccgcttcaccggcgagccggactggagcaagtgggaccag 
gaggtcgccaacgtggggtaccagtttgcgcaccgcttcaacgacacctggcaattcaag 
40 cagaacctgggctacgcccagtcgcgcaaccgcgtcaaccacgcctactggtggacctgg 
gtgcccggaagcgacttctccacggccgagcgcggcgcctaccgccgcgacgatgacgcc 
cacggcgtgagcatcgacaaccagttcgaggccacgtggcaatccggccgcttcaggcac 
aacacgctgttcggcctcgattacaccgaaacctcgttcacccgcaaacagtacgccggc 
tacaacaacctcgccccgatxjgacttcttcgatccggcgtacggctcggacgtactgctg 
45 ccggcgaagccggacacctacaccaacgagaagcgcagccagctcggcctgtacttgcag 
gaccagataaagttcgacgacaaactggtggtggtgctcagcggccgctacgacaatgcc 
gacggctcgacgctgaacaagctgagcggcgtcaatacccgcaccggcgacaacgcgttc 
acgtggcgcaccggcctgctctaccttgcggacaacggtctggcgccctataocagctat 
tcgacttcgttccagccgcaggccggcaccacctcgcccgcacgcggcaccacgcccttc 
50 gacccgaccaagggcaagcagtgggaagccggcgtgaagtaccagcccaatggttcgaac 
tcgttcatcaccgcatccgtcttcgagctgacgcgcaccaacgtccccacgaccgacccc 
gccaaccccgtctacagcgtgcaggaaggcgaggtgcgctcgcgcggcctcgaattgtcg 
gccaccgccaacctggcctcgggctggaacctgatcgcggcctacacgtataccgacgcg 
gaaatcaccaagagcaactccaacacgctaggcaacacgcccgaggccgtgccgcgcaac 
55 atggcgtcgctatggtccgactacaccgtcccgtccggtgcgctggcggggctgaatatc 
ggcgccggcgtgcgctacatgggctcgacctacaacaacaccaatgccgccaaggtcggc 
gactacaccsrtgttcgacgccgccctgcgctacgacttcggggcgcgcagcccgtccctg 
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ggcggccatctggtgacctggcgcgcccgcgtcgagaacatcgccaaccgcgactactgg 
tcctccgtgggcggctaccccggcaatggctacctggtgctgggcggcccgcgcaccttc 
acgctgtcggcatcgatggagttctga 

5 SEQ ID NO:8 polypeptide sequence of Orf4 

MTGFHARKPVGGGHGRPAHGRPLAWPRIPLRTTTMKPLPIAYLAALLPW^ 
AAGDDASITIiEAVRVEASADASAGGIiAPAFAGGQVATGAKVGILGTRDNIiETPFS ITAYT 
NELIQDRQAKGVGDVLQNDPGVRVARGFGNFQESYFIRGFILSSDDIAYNGIjYGLLPRQY 
ISTQLFERVEVLRGASAFLTGAPPSGGGIGGVINLVPKRAPNEPLTRFSAGYGSDSVLEA 
1 0 S AD IGRRFGPDDS VGIRINAAQRGGETAIDGERTRTTVFALGIiDWRGERARLSAD IGYQD 
imiKRARPNVTIiAGDAAKV^GAPDAGSlTYAQPWSYSNERDVFGTLRGEYDra 
YGMRQSKEENSLANIiNNVNGAGQGKFYRFDNAREDT^^^ 

ASYFDLEKKNAYVMDFFNQFDTSIYDPVSYAKPAISSTAFRGND^roDPAKQGVIRIASYA 
I,<aDTMSFFDDK\n:iLTAOIRHQRLYQRDYSYDTGIGGTPYEQSHMSPAAGLVVRVTPQVSL 
15 YANYIEAIiSAGDTAPQTANGLPVViraGESIJ^YVSKQKEVGVKFEHDGIiGGGLA^ 
PRGFVGDDQVFRZ^GKDRHRGVELTTYGELTRSWVLGGLTWLDAKQLSTGNAATO 
IGVPRFQANIiGVEra)IPGVQGLTVDGRVVYTGSSYADAANTLEVPGWTRM 
GGHLVTWRARVENIANRDYWSSVGGYPCSNrGYLVLGGPRTFTLSAS 



20 SEQ ID NO:9 polynucleotide sequence of OrfS 

Gtgcctcgtcctacttcccgccgtacgcgccctgcgcgccggcaggcgcagcccgccttc 
Gtgcccgcgctcttcatgcttgccctgggcgccgttgccgccggcgcgcgcgcccagccc 
Gctgcggcgggtgtcccggatacgcaaggcgtggcgcaaatgccggccgtcacggtcaac 
Gccgcgccggtggacgacacgctggagcatctggaggcgccggtcgataccggcgcgctg 
25 Ggacggcgcacccagctggagacgcctttttccaccacggtggtgactgcccgcgacatg 
Gaggagcgccaggtcaacaagctgggagacgtgttcgcgctggatgcctcggtgacggac 
Aacagcgcgtcctatggcgcgtgggccagctacctgacggtgcgcggcctgccgctggat 
Tggcagaattcgtaccgcatcgatggccggccgttcctgagctacgtcacgacgctgccg 
Ttcgagcacttcgagcagatcgacctgctcaagggggcgtcgggcttcatgtacggtttc 
30 Ggctcgccgggcggcctggtcaactatgtcaccaagaagccgaccgacgaagcggtgcgc 
Agcgtcgagctgggctacgtgtccaaggggttgctgcgcgagcacgtggacctgggcggc 
Agggtgggccagagcggcgcgtttggctatcggctgaatgccacgcacgaggagggcaat 
Acctacaacggtggatcgctgtaccgcgattcggtgtcgctggcgctggatgcgcgcctg 
Agcgaccggttgacctgggacttccaatccatctaccaggaccgcaaggccatcgggcag 
35 Gagcccacgatctatgcgggcaccatggccggcagcgagttgccatcgccggtgcgcaac 
Gacaatgacaggctggtcgggcagggaccgtatgcggacaatgcgttccgctattactcg 
Accggcttgaagtaccaattggcggacgaatggacgctgagcaccaattacagctacagc 
Tccacgcgtacccgccgcaacgagtcggtgctgttcctgcgcgaccaggcgggcgactat 
Gacgattaccgctcggactatggcgaggcctatggctacaaccagtggcaggccatgctg 
40 Gagggcaagttcgctaccggtcccttgaagcaccacgtggtggccggcgcgtcgtggcag 
Aagcagaagaacgactacagcgccaacggggtctatcaattgcagggcacgggcaacctg 
Cgcgcgcgcaataccaacacgtactacagcgaaggccagctgcacctgtaccgcgcggcc 
Gagatcacgcagaaggcgctgttcgccagcgacacggtcgacctgaccggcggctggtcg 
Gtgctgggcgggctgcgctatacgaattatgcgcagcaaggattcgatgccacgggcgcg 
45 Cgaacatcgcgctacgacaagaacggcgtgctgacgccgacctttgccctgatgtacaag 
i^tgargrrgrgcaccatggcctatgccagctacatcgaatccttggagccgggctcgtcg 
Gtgggcgccgcgtacgccaacttcggcgcattgctcgatccgttgaagagcaagcagtac 
Gagctgggcatcaagaccgaacaggacggctgggccgccacggcggcgctgtttcgcatc 
Gagaagaaggcggaatacgcgaatgccgccaacgagctggtgcaggacggcaagacgctc 
50 Tare ctgy y yLL Lj yacLuLyyy cgcctccacgcgtatcgcccgcgactggaacgtgggaggc 
Agcctgatgttgctggattcggaatacaagaaaggctcggatttcaccggcaaccgcgtg 
Gcgggagcgccgaagttcgtggcggccgcgcaactggcgtactcggtgccgcaggtgccg 
Gggctgaagctgcgcgccgatgtgaagtacaccggcaacacgatgctgggcgccagcaac 
Cgggtgcaggtggacgactacgccatcgtcaatatcggcgccacctacgacacgcagatc 
55 Cacggctacgaggcgaccttcaccgccggcatcaacaacgtggccaacaagcgctactgg 
Ctgtaccagtcgtctgactacgtgaaggcgggcgacccgcggacctatggcctgacgtct 
atatccagatatccggatatctggatataa 
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GS^^V?SbTDBAWSVEI^YVSKGU.RBHVDLGGRVGQSGAF 
TSSLYTOSVSlJaJJARLSDRLTWDPQSIYQDWCAIGQBPTiyAGTMAGSELPSP^ 
S^G^YAD^YYSTOLKyQIJ^BVm^TNySYSSTRTRRNBSVLFIJaJW^ 
SSSSS^^^QA^EGKFA^GPI.KHHVVAGASWQKQKHDYSMraV^ 

SSSSeg^yraaeitqkalfasdtvdltggwsvmguiytoyaqqg^ 
ptsrSkngvltptfaijiykltprtmayasyiesle^^ 

S^SS^STAALFRIEKKAEYMIAJ^LVQDGKTLYQGLELGi^TO]^^ 
SI^I^DSBYKKBSDFTGNRV3W3APKFVAAAQIAYSVPQVPGI.KLRADV^^ 

I^^JS^St^ihgyeatftmihnvankrywlyqssdyvkagdprto^^ 
isrypdiwi 

SEQ ID NO:ll polynucleotide sequence of OrfS 

Ttqcccgccataagcgtcacgggtcgtgagatttccgacctcaccgagggtacaaacgcc 

Talacalccgaggccatgagcacggccacgggcctgacactctcgccacgcgaaacacca 

Caatccgtclglitggtcacccgacagcagatcgaggatcagggcctcaccgacaccgg^ 

Gccatcctggcgaccgcgccagggatttccgtcacgcgcagcgacagcaaccgctattca 

Ttctcggcccgcggcttcaccatcgacaacttccagtttgacggcctggtatcgcccatc 

Ctgagccaatggaactatggttcgacogatatggacgccgccatctacgatcacgtggaa 

Atcgtacgtggcgccacaggcctgatgacaggctcgggcaatccttcagccgccgtgaac 

Ttcltgclcllgcgtcccttgcgtgagttcgcggctacgttcaatgcgagtgtcggcagc 

Tgggactatgtgcgcggcgatgccgacatctccgtgcccatcacggaagacggcagaata 

cll?«cgc?t|glg|14cctacagtcagggcgacagctatgtgcactttttagatacg 

cllcggcicaclttctatggcgtggtcagcgccgatctgacgccggatacggtgctgacg 

Accaqcgtggagtaccagcacaaccacagcaatgggtttggcagcggctttccgctgttc 

Tatagcgacggttcgcgcaccgatttcaaccgctcggtggccaacaacgctccctgggcc 

SgSgiatllcgalgccaccacctatttcgtggacctcacgcaccgcttcaccaatgac 

Tilaalltgcgcgcggcctatagccacactgatggccgctatctcatgaaacatgtgtac 

Cggggcggctaccccgatcgccatactggcatcatcgctgccccccctgcattttccaac 

Tl?|lc|icaacctc|atciggatgacatccatttttccttgtccgctcctttcgaggcc 

Ttcigcctgcgccacgaagttgccctgggctggatgagcatcgacaaccatagcgacatc 

aagllatalglaatgitcggaccggccccagccatcggcagcttcttcgactggcgccgc 

Qcccacatccaagagcccagctgggccgacacgctgtcgcccgccgacgacgtgcgcacc 

Aagcagaccggcgcctatctggtcggccggtttgcactagccgaacccctgcacctcatc 

Gtiggcgaccgttggagcgactggaaaaccaaacagatgtattttggctcgcgccgcgaa 

T;?agStcalgallcagttcaccccctatgccggtctgacctacgacatcaacgacacc 

Taoacggcgtacgccagctatacggagatcttccagccgcagaacgcgcgcgacaccagc 

Ggcggcattcttcctcccatcaaaagcaagagctatgagctgggtctgaaggcagcctat 

Ctggagggacggctcaatacctccgccgcgctctttcagacgcggcaggataacctggcc 

Cagitcatcccgggctcatccattccgggctttccgaacatgcaggcctcacgtgccgcc 

Tccggcgccaaggtcgaggggatagacctggaggccagcggccagatcctgcccgactgg 

Aacatcggcgccagctatacacacttcaccaccaaggacgccagcggcaaccccatcaac 

Accaatcatccgcgcagcctgttcaagctctacaccacgtaccgcctgccgggcgccctg 

Caccggcttaccgtgggcggcggcgttgactggcaaagtcgcatgtaccaggccgcagcc 



Aagtactacgatcagatcggcttctacagccagggttggtggggtgcgccacgcaatgta 
atgctcaacttgcgggegcagtattga 

SEO ID NO:12 polypeptide sequence of Orf6 

LPAlSr^ISDLraGTOAYTTEM^ 

AIIATAPGISVTRSDSNRYSFSARGFTIDNFQPDGLVSPILSQWNYGSTDMDAAIYDHVB 
rVRGATGIJ4TQSGNPSAAVNFVRKRPIJffiPAATF»ASVGSWDYVR6D^ 
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RSRLVAAYSQGDSYVHFIiDTRimTFYGWSADLTPDTVLTTSVEYQHNHSNGFGSGFPLF 

YSDGSRTDFNRSVAimAPWARQDTEATTyFVDLTHRFTiroWKLI^ 

RGGYPDRHTGIIAAPPAFSHYIXainiDRDDIHFSLSAPFEAFGIiRHEVALGWMSXDim 

QRYAMVGPAPAIGSFFDWRI^IQEPSW7U3TLSPiU)DVRTKQTGAYIiVQRFAIi^ 

VGDRWSDWKTKQMYFGSRREYRIKNQFTPYAGLTYDINDTYTAYASYTBIFQPQNARDTS 

GGILPPIKSKSYELGLKAAYIiEGRIiNTSAALFQTRQDNIiAQVIPGSSIPGFPNMQASRAA 

SGAKVEGIDLEASGQILPDWNIGASYTHFTTKDASGNPINTNHPRSIiFKLYTTY^ 

HRIiTVGGGVDWQSRMYQAAASPRGNVEVEQDSYALVSLMARFDFNKKIjSATIj^^ 

KYYDQlGFYSQGWWGZ^RlIVMIiNLRAQY 



SEQ ID NO:13 polynucleotide sequence of Orf7 

Atgaagttctactcttcccatccgatgcccgagtcgctcgcggctgcgatcgcagtgcct 

Ctgttgggcctgctgccggcggcgcaggccgcgtccacggcggtccagctgccatccgtc 

Acggtcgagggcgagtactcgtcctatcaaccggaaagcgcccagtcgcccaagttcacc 

Gcgcccctggcggacacgccgcgcacggtgcaggtcatccctgagcggctcatccaggac 

Cagggggccagcgacctcgaagcggtactgcgcaatgcgccagggatatcgatgaccgcc 

<3gcgaaggcggccgtccggccagcgacctgccgttcatccgcggccagaattcggccagc 

Agcctttttgtcgacggcctgcgcgatcccagcacgcaatcgcgcgataccttcaacctg 

Gaacaggtcgacgtcgtcaaggggcccgattcggtattttccgggcgcggcggcgccggc 

Ggaagcatcaacctcgtcaccaagacgcccaggaaccaggatttcaccgaagtccaggcc 

Ggcatcgggacggccgagacctaccgaggcaccatagacggcaactgggtgctgggcgag 

Aacacggcgctgcgcctcaacctgctgggcaccagggacaccgtgccgggccgcgacaag 

Gcggtcgagttcagccgcgtgggtatcgcgccatcgctgcgcctgggcctgagcggcccc 

Acccgcgtgacgctgggcctgtaccactatcgccaccggcgggttcccgattattcgatt 

Ccgtacgatccgcgcaccggcacgccgatcaccgagaccatcggcgtcagccgccgcaac 

Ttctacggcctggtgcggcgcgactccggcgataccgaggactacgccgccaccgtcaaa 

Tgggagcacgacctcgccaatggcttcaaggtggagaacctggcgcgctactcgcgtgcc 

Acggtggagcagatcaccaccatgcccgaactgaaaaccgccgatctggccaaggggctg 

Gtgtaccgcaatctgcgcgccagctaccaggtcaacgacagtttcgccaaccgcaccgac 

Ctgcgcggtacattcgacacggggcagtggcgccataccttcgatctgggcggggagttc 

Gccaccagccggcgcagtcgcgaccgctacaagcaagaaatccccgacgccgccagtcct 

Tgctcgcccgtgacggacggcaacaatcccgccctgtgcgcctcgctccgggatccggat 

Ccgcacgtggatttcccgggaacggtgcggcgcaaccataacccggcccgctaccacacc 

Gacatcctgtccctgtacggtttcgacaccatcgccttcgacgagcagtggcagctgaat 

Ctcggcctgcgctgggaccactacaagaccagcggacgcaacctgccggtacgaggcgcc 

Aagccgcccgtctacgagcgtgccgcgcgcaccgacaacctgttcaactaccagctcggc 

Ctggtctacaagcctcgtccggacggctcggtgtatgcgagttacggcacggcgtccacg 

Ccgtcggccgtgtccgactacgccccggcggacagcatctccggcacaagccagcagctc 

Aagccggagcgcagcgaggcgatcgagatcgggaccaagtggcaggtgctggaccggcgg 

Ctgctggtgacgggcgccatgttccgcgagacgcgcaagaacaccagcatcgaagtcgcc 

Gaaggcctgcgcgcaccagccggcaagagccgcgtcaccggcatggagctgggcgtggcg 

Ggcagcctrgacgccgcgctgggacgtctacggcggctacgcgctgctcgacagcaagctg 

Gtcagggccagccataagagcggggcgcaaggccagccgctgcccagcgcgccccggcac 

Gcattcagcatctggagcacctacaagctgctgccggaactgaccgtgggggccggcgcg 

Ttcrtatcgcagcaaggtctatggcaacgcagatgccggctacaacaaggacggcacgccc 

Aaggcgcgctgggtgccggcgtactggcgcttcgacgccatggcggcgtaccagcttaac 

Aagnacct.t^cggcccagttgaacgtctacaacctgctcgacaagacctattacgccaag 

Acctaccgcagccattacgcggcgctgggcccggggcggtccgccatgctgacgttcaag 

ctgagctactga 



SEQ ID NO:14 polypeptide sequence of Orf7 

MKFYSSHPMPESIiAAAIAVPLIiGIiLPAAQAASTAVQIiPSVTVEGEYSSYQPESAQSPKFT 

APLADTPRTVQVIPERLIQDQGASDLEAVLRNAPGISMTAGEGGRPASDIiPFIRGQNSAS 

SLFVDGIiRDPSTQSRDTFlSIIiEQVDVVKGPDSVFSGRGGAGGS INLVTKTPRNQDFTEVQA 

GIGTAETYRGTIDGNWVLGEHTALRIillIiliGTRDTVPGI^ 

TRvlMLYHYRHRHVPDYSTPYDPRTGTPITETIGVSRRlffFYGIiVRRDSCT 

WEHDLANGFKVKNJUARYSRATVBQITTMPEIiKTADIJUCGL 
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TYRSHYAAIiGPGRSAMLTPKLSY 

SEQ ID NO:15 polynucleotide sequence of Or£8 

Gtnataccqcaqcaggtcatccaggaccaggccgccaccaatctgcaggacgtgctgcgc 

AtSScg|igccagaatgc|gcgggcagcatcttcgtcgacggcgtgcgcgaccc« 

AScSga?I?gcgaLcgttlaacctggagcaggtcgagatcatcaaggggco^^^ 

5?Sa?tccgiclgcggcggagccggcggcagcatcaacctggtcagcaagacg^^^ 

?ScgSISac|tgglcalgc4gccatcgatcacgatttcagcagcaagctgcg^^^ 



caga=catcgcc»gggcgcg.tgcct:t:goa.ggtM?=gcc«cgat^^^^ 

Gccttgtgcacct 
Cgcaacgacaacc 

Atcaagttcaacgagcaatggcaggccagca u^yycxw -^^^ 

Agcggcagcaatatcgcccgcggccgcaacgatcccgccagcacgccggcgttctacagc 



.acgalLatggcaggccagcgtcggactgcgttgg^^^^ 



J^cScSgl?c?acgcctc|tatggcacctcgtcgacgccgtcggccgtcgccggctcg 

A^SSgcgacgccltgacggtgagcaacgagtcgctggcgccggagaaaagccgcacc 

G?cSISSgcaccIa|tgicaattgttcgacgaccgcctgaccctgtcgggcgcgt^ 

?^StOTaS?ccgcaa|allaccagcgtggccgtgtcggcgaccgaaacggagcagatc 

Gacaaalccaaqgtgcgcggcatcgaactgggcttctcgggcagcatcacgcccaagtgg 

ScS??JSS?ScS???cttcltggalai^^^ 

S5Sgg?S?c?lggacctgcccaacacgccgcgcaatgccttcagcctgtggaccacc 
ScaSlSglgcclcagctiaccgtgggcggcggcgcctattacgtggacaaggtatat 
:ga?aacgg?cglaaticcgacggcacgccgaaggcgcgctgggtaccgtcg 
TactggcgllJcgacpcalggccgcgtacgagttcaacgaccacctgaccgcgcagctc 



Ggcaacgcggaca 



gcgctggglacgggccgcgccgcggtgctgtcgttcaatatcaagtattga 
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NVSDAVTVSNESIAPEKSRTVEVGTKWQIiFDDRLTLSGALFQDIRKNTS 
GKAKVRGIELGFSGSITPKWl^GGYTFMDSELVEGAYNSG&VGQDLPNTPiai^ 
YKLVPQLTVGGGAYYVDKVY^SADNGRNADGTPKARWVPSYWRFn^^ 
NVMNIFDKTYYTKAYTUVHYAALGTGiUVAVLSPNIKy 

5 

SEQ ID NO:17 polynucleotide sequence of Orf9 

Ttgcatactcgcacgccacagcggcagcgcccggtcgcgccgcgcctgctgcatctatcg 
Ctggccgcctcgctggcggccggcgccgcccaggcgcagaccgccaccgaagccaccacc 
Ctgcccaccgtgcaggtcaccggcaggggcgagaccgccaccggcccggtcgacggctat 

10 gccgccacgcgcagcgccaccgccaccaagaccgataccccgctgtcggaaaccccgcag 
gccgtcacggtgatcccgcgcgagcagatcatcgaccagggcgcgcagaacgtgcaggac 
accatgaactacgccgcgggggtgcgccccaacgcctatggcgtggacaaccgcggcgac 
tacgtgcgggtgcgcggggtggagccggtccagtatctcgacggcctgaagcagttcttc 
aactacaacaatccgcgcaccgaggtctacgggctcgagcgcgtcgaagtcctgcgcggc 

15 ccggcctcgatgctgtacggccagggcagcaccggcggcgtggtcaacctcgtcagcaag 
cggccgcagcccgaggccatgcgcgagatcggcgtgaccgtgggcaaccacaaccgcaag 
gagatccaggccgatctcaccggcccgctgaccgaggacggcacctggctgtaccaggtg 
gtggccctcggacgcgacagcgacacgcaggtccagtacaccaaggacgaccgcatgatg 
ctcgcgccgtcgctgacctggcagcccagcgccgccacctcgctgacgctgcaggcctac 

20 tggcagaaggacaagtcgggcacgacccaggccttcctgccctggagcggcacggtcagc 
ggcaaccccaacggccgcatccccacccgccgcttcaccagcgaacccggcttcgaccgc 
tacgacaccgagcaatt:cagcgtgggctggcagttcgagcacaagttcaacgacaactgg 
aaagtgcgccagaacctgcgccacacatccagcaaggtcgactacagcacgctgtatccg 
gcggtctacggcaaccccgacaatcccttcatcgacgccgaccagcgcgtggtcaatcgc 

25 tacctgtacatcaagaacccgcgcatgcgttccttgctggccgaccagaacctcgaaggc 
aaggtgaactggggccgcgccgaacataccctgctgatgggcgtggactacagccgctat 
cgcgagaccggcgagaccggcagcgggttcggcgcgccgctggacctgtaccagccggtc 
tacggcaccctgcccgactatgccatgtcggacgtgcccaagaacaagcagcagcagatc 
ggcgtctacctgcaggaccagatcaagttcgaccgcaactggatcgtggtggcgggcctg 

30 cgccacgaccgcgtcgccaacagcgtcgagggcgccgacaaggaaaccgacaacgccacc 
accaagcggctsgggcctgatgtacgccgccgacaacggctggtcgccctacctcagctac 
agcgagtcgtticacccccatcgccggcaccgacaacagcggcaaccgctgggtgccgatg 
cgcggcaagcaatgggaagcaggcctgaagtacatgccgcaggacaccggctatgaggcc 
accctggcggcctacgacctgcgcgagcgcaaccgccagaccaacgacccgtccgatccc 

35 accaaccaggtgcagaccggcaagaccaagacgcgcggcatcgaactggaattccgcggc 
cgcgtcacgccgcagatggatgtgatcgccaactacaactacaccgacatcgacccgcag 
ctcgaaggcctgcccaagcacacgttctcgctgtggagcaaataccggttcagcgtgggc 
gatgtgcatggctttgccgccggcgccggcgtgcgctacctgaacgcgtttcgcgacggg 
tccgcgcccgagaccggctcggtggccctgttcgacgccatgctcagctacgacaccggt 

40 tcgtggcgctatgcgctgaacgtcgccaacatcgccgacaagacctacgaggtggtgtgc 
ctgcggcgcggcgattgcttctacggccagcgccgcacggtcaccctgagcgccatgtac 
cgcttctag 

SEQ ID NO:18 polypeptide sequence of Orf9 

45 LHTRTPQRQRPVAPRLIiHLSIiAASLAAGAAQAQTATEATTO 

AATRSATATKTDTPLSETPQAVTVIPREQIIDQGAQNVQDTMl^AAGVRPNAyGVDNRG 

YVRVRGVEPVQYLDGLKQFFNYNNPRTEVYGI^VEVIJiGPASK^ 

RPQPKAMREIGVTVGNHNRKEIQADLTGPLTEDGTWLYQVVAI^ 

lAPSLTWQPSAATSLTLQAYWQKDKSGTTQAFLPWSGWSGlSnPNGRIPraRFTSEPGro 
50 YDTEQFSVGWQFEHKFNDNWKVRQNLRHTSSKNnDYSTLYPAVYCaJPDN^ 
YLYIKNPRMRSLIiADQNIiEGKVimGRAEHT^ 

YGTLPDYAMSDVPKNKQQQIGVYIjQDQIKFDRNWIVVAGIiRHDRVANSVEGADKETO 
TKRI<GIiMYAADNGWSPYfiSYSES,FTPIAOTDNS^IRWVPMRGKQWEA^ 
TIiAAYDLRERimQTNDPSDPTNQVQTGKTKTRGIEX£FRGRVTPQI4DVIA£^^ 
55 IiEGLPKHTFSLWSKYRFSVGDVHGFAAGAGVRYI^AFI^GSAPBTGSVAXiFDAMLSYDTG 
SWRYATJJJVAMIADKTYEWa^iaMffiCFYGQRRTVTO 

SEQ ID NO:19 polynucleotide sequence of OrflO 
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5 SccStg2?SacllccccgccgcggtgcgcggccgcgccagcgccggcctgcaaOT^^ 
Sc?c|gt|ccclacggcctggcgcgcctgctcgatggcagcggcctggacgcgcgc^^^ 

10 ScS?S?SaSSSSccglIclaagagcatcaacatccgcggcctggacgaaaa^ 
^acI?aSSaScSatcgacggcatccgcctgccctggctcgacgacggcgc^ 
SSllSSSSgaaScgitggactlcaacaccctgtcgcgcctggacgtcgtgc^ 

SgcgSlSSllaglgcglciyiccggcgc^^^^ 



gacaccagc 



cc09aacoogccgacct:5Stgcgc3aogggo9Ccgc«cggc9ogctgg«^ 



CQCCtgtgcgacatgctgcataccaaccaggccgacatgccccgggtcaagggcagccag 



35 



40 



45 



ccictgggcgtcaccgggctggccaaccgggcgcgcgtgcgcatctatggcgccgaagcc 

3 ^ aactggcgcacctgc 

cacctgaattcggtc 

tggggcatcgacgcc 

[gcctccgccagcgcc^ _ _ 
ccgigcSacggSgtggtggatctgtccgcctactggcgcccggccgccgtcaagggcctg 



55 



caaclaSaSlSgclSSt^a^^ 
IS?a3Sl9?SSt?Sgattccicgalc^^^ 
agcgtgcgcgtatcgttgacctaccagtattga 

SEQ ID NO:20 polypeptide sequence of OrflO 

RGZ«3TYVLQALPAGPVAQIJ^VTIEMGVRADPAW7^TA^ 

PGVNYNRRTKSI 
GADSSAA6SGAL 
DTSWIiLQAGTRM 
EYFKRRADIjDQK 

'^^^^^^'^^ ^SJsiJlYDHyEQKPQQGQGyQNNPMAGai.PPS^ 
GTWKAREALTLYAQyGFGYRi^SATEI.YTITYGGPGTYUiVGNPSJ^^ 



50 PaViraKRTKSmiRGU)HmVVTRIDOIPI.PWLDDGARGI0ao™A^ 

GADSSAA6SGAI166I 

DTSWIiLQAGTRNGHE 



G™^EALTLYAQyGFGYRAPSATEI.YTIJYGGPGTYUlVGlWSlOTBTSKGVrai^^ 
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RDDVQYPEASASARYADFQAPGYGVVDIiSAYWRPAAVKGLQLQAGVFNLFDKKYWEAIW 
PTAGAIAIPRPLDWYNEPGRSVRVSLTYQY 

SEQ ID NO:21 polynucleotide sequence of Orfll 

5 Ttgcggccgggccggcggcgcgccgcgcgctgcccgtcatcgacatgcccgccggctgcc 
Ggcgcggcgccacaacgtgtgatcatgaaacagacttccctttactacgccaccctgggc 
Ctggtcggactggcgctggccgcgcccgcgcgcgcgcaggagcaatcgcttcccgtccaa 
ctcgcgccggtggtcgtgcatggcgcgcccgaggccaacggcccgctgaatctcgacgcg 
gtcgacagcaccggcagccgcctgggcctgaccctgcgcgagacgcccgcctcggtgacc 

10 gtcatcaaccgcgagcagatcgaggcgcgcggcgcgctcgacacgcaggaaatcgcccgc 
ggcatcgtcggcgtggacaatgcctcgccgcccggctcggccggctcggtgagctaccgc 
ggtttctcgggttcgcaggtcagccagttgttcaacggcatttcggtgcagtacgacgtg 
gtcgccgcgcgtccgatcgacagctggatctacgaccgcgtcgaagccatcggcgggccg 
tccagcttcctgttcggcgcgggcgcggtgggcggcgccatcaactacgtgaccaaggtg 

15 gcgcagcgcgatacgttctacgacggccagctgcgcctgggttcgtacggcgcgcgccag 
gcatccgtgggccttaaccggcaattggccggcgagccgggcgggcgcggccagtacctg 
cgcatcgacgccaacgccaacgcgagcgacggctgggtcgacggcaatcgctcgcacgcc 
gagcaggtggcggcctcgctgctgtcggacctgggcgaacgcgtgacccatacgctggcg 
ctggagtaccagcacgagatggtgcaccggccttactggggtacgccgctgaccaccgac 

20 ggcgacggcgtggtgcgcggcgaaggccacatccgcggcgggacgcgctggaagaactac 
aacgtcgacgacggccggtacgagcaatcggtgtggtggctgcgttcgctgaccgaatgg 
caggccagcgaccgcctgagtttccgcaatacgctgtactactatcgcgccgatcgcgat 
ttccagaacctcgagacctaccgctacaacccgggcaacagccaggtgctgcgctccggc 
gcgctgctgcagcgccacgagcagcgcctgctgggcaaccgcatcgaaggcctgtaccac 

25 ggcagcctgggcggcctgcgcagcgactggtcgttcggcgccgactacagcgtcaaccgc 
cagacgcgctaccccaccagcgtggccgggcaagtcgatagcgtggacccgtacgagttc 
gacccgggcgagttctacgacattccgggcatgcggcgcggccacgtgcccgaccgcgac 
aacaaggtgcgcacgctggccttcatgctggaaaaccgcaccgaagtgggcggcggggtc 
gcgctggtgacggctctgcggcacgacatcatcgacctggacctgaccaaccggcgcgcg. 

30 gccagcgcggcttcgcccgggcacgcctcgcgccgctacaacccgaccacggggcgcgtc 
gccgtcaattgggaggtcagtcccggcgcgaccctgtacgcgcaatacgccaccgccgcc 
gacccgccttccggcgtactgticgaccgcgaccttcgccgatgtgctgaacaacgacaag 
ctgaccaccggcacccaggtcgaggccggcggcaagttcgcgttctgggacggccgcggc 
acggcgaccgtggcggtctacgagatcaagcgcaagaacctcgccacgcccgatcccctc 

35 aaccccggcagcagcctgccggtgggcagccagtctgcccgcgggctggagctggccggc 
ggattgcagttgacgcgcgccttgtcgctgcaggccaacctggcgctggtcgacccccgc 
tatgacgatttctcgcagaacgtcggcggggtggcggtctcgcgcaacggcaaggtgccg 
gtcaacacgccgcgccggctggccaacgtgtggctggactacgccttcgcgcccgactgg 
cgcgccagcctggcggcgcgccacgtgggcaagacctatgcggacgcggccaatacggtg 

40 tgggcgccggcctataccgtgttcgacgcggcgctgtcgcatcgcatcgaccgccatttc 
agcgtgacggcgcgggtgcgcaacctgaccgacaaggtctatgccgccagcgtgaccggc 
gcgcccatgtattacctgggcgcgccgcgcagcgtcgaactcgcgctgcaggcgcgcttc 
tga 

45 SEQ ID NO:22 polypeptide sequence of Orfll 

IJlPGRiaUU^CPSSTCPPAAGAAPQRVIMKQTSLYYATIiGIiVGIiAIi^^ 
liAJ^WVHGAPEANGPIjNIiDAVDSTGSRIjGLTLRETPi^ 

GTVGVnNASPPGSAGSVSYRGFSGSQVSQIiFNGISVQYDWAARPIDSWIYDRVEAIGGP 
SSFLFGAGAVGGAINYVTKVAQRDTFYDGQLRLGSYGARQASVGIiNRQIiAGEPGGRGQYL 

50 RIDANANASDGWVDGimSHAEQVAASIjIiSDIiGBRVTHTIALEYQHEMVHRPYWGTPL 
GDGVVRGEGHXRGGTRWKNYNVDDGRYEQSVWWLRSIiTEWQASDRLSFRNTLY^^ 
FQNI^TYRYNPCarSQVIiRSGAXiIiQRHEQRIiLC^IEGLYHGSIiGGI^ 
QTRYPTSVAGQVDSVDPYEPDPGEFYDIPGMRRGHVPDRDNKVRTLAFMLEim 
ALVTALRHDIIDLDLTNRRAASAASPGHASKRYNPTTGRVAVNWEVSPGATLYAQYATAA 

55 DPPSGVLSTATFADVIiNlTOKLTTGTQVEAGGKFT^FWDGRGTAl^AVYE 
NPGSSIiPVGSQSARGLEIAGGIiQLTRAI*SItQAN2J^LVD 
VNTPRRIiANVWIiDYAEAEDWRASIiAARHVGKTYAD^^ 
SVTARVRNLTDKVnrAASVTGAPMYYLGAPRSVELAM 
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SEQ ID NO:23 polynucleotide sequence of Ortll 

Atgaaatcccgctcactccggcgctgcgccggtgtcctggcctgtgtcgctccgttggcc 

Ggccacgcccaggccggcgccgccgccggccaacccatccccgaactcgatccggtcgtc 

Gtcaccgccgcgcgatcgccccagctgctcaagaatgtgctggccgacgccagcgtgatc 

gagcgcgatacgctggcgcgcgccggccagtccagcctggccgaagtgctggcgcagcag 

cacggcatcgaattcgccgacagcggcggcccgcaaagcgtcaccagcctgttcatgcgc 

ggcgccaacagcaaccagaccctggtcctgctcaacggccagcgcatcaacaacgccaac 

ggcggcggcattgcgctcaacgcgctgccgccggaagccatcgaacgcatcgagatcatg 

cgtggcgcggccagcagcctgtacggggccgacgcgatcggcggcgtgatcaacatcatt 

acccgcgagccgggcgacaaggcgctgtcggcctatgccaacgccggttacggcacctac 

ggcaccagccgctacgacgccggcgtctcgggcgcggccgacggcttcagctacagcctg 

tccaccggctatggccagagccatggcttcaacgccaccaaccgccgctcgttctcgtac 

aacccggacaaggacagctactaccagaactacgccaccggcacgctgggctacgaatgg 

cggcccgagcagaaagtggtggcgcaggtctaccgcagccgcatcaacggcggctacgac 

gcctcggcctcgtacgactacaacgaccgctacatccaggacctgcaggcctattcgctg 

gccagcgaaaaccgcctgacccgctactggaagagcacgctgcgcgccggctatgtggaa 

gacaagaacgattcgcgcgccgaaggcatgttcgaagacaacaacacgcgcttccggacc 

cgccagatgcagtacctgtggcagaacgacttcaccctggccgccggccagacgctgacg 

ctggcctacgagcacctggaccagcgcgccgacggccagatgagcaccgccaccggcatc 

ggcaactacaccgagacgcgccgccacgtgaactcgtacaccggcgtctacctgggcgat 

ttcggccgccaccatgtgcaggccagcctgcgcaacgacaacaactcgcagttcggcagc 

cacaccaccggcggcctggcctacgggttcgacctgacgcccaacctgcgcgccaccgtg 

gccgccaacacgggctttcgggcgccgtcgttcaacgatctgtacacgccgaccagcgcg 

ttcggctatcgcggcaaccccgacctcaagccggaagagtcgcgcaacgccgagatcggc 

ctgaaataccaggacgaggacagcgaactgggcgtggtgtattaccagacccgcatcaag 

aacctgatccaggtgaccgaggacttcagcacggtcgagaacgtcgggcgcgcccgcctg 

caaggcttcaccatcagcggcgcgcaccgcttcggcaacacgcgcctgcgcgccagcctg 

gacctgagcaacccgcgcaacgaagacaccggcaagcaattgctgcgccgcgcccgcacg 

gtgctgcgcgccggcatcgaccatcgcttcgaccgcctgctggtgggcgccgagtggtac 

gcctcggacgagcgctacgactacggcttccccgaggaaaagcgcctgggcggctacggc 

ctggtcaacctgaccgcggcctacgacctgagccgcaacatgcaggtgcaggtgcgctgg 

aacaacgtgctcggccagcgctacaccttggccgacggctacaacacggccggctcgaac 

gccttcgtcaacccgtcgtggcgcatgtag 

SEQ ID NO:24 polypeptide sequence of Orfl2 

MKSRSLRRCACmACVAPIiAGHAQAGAAA^^ 

EMJTIARAGQSSLAEVLAQQHGIEFMSGGPQSWSLPMRGANSNQT^ 

GGGIAIJSTALPPEMERIEIMRGAASSLYGADAIGGVINIITREPGDKALSAYi^ 

GTSRYDAGVSGAMXSFSYSLSTGYGQSHGFNATNimSFSYNPDKDSYyQNYATGTLGyEW 

RPEQKVVAQVYRSRINGGYDASASYDYlTORYIQDLQAYSLASEimiiTRYW 

DKNDSRAEGMPEDimTRFRTRQMQYLWQNDFTIAAGQ^ 

GimETRRHVNSYTGVYLGDFGRHHVQASIiRiroNNSQFGSHTT^ 

AAinXSFRAPSFNDLYTPTSAFGYRGNPDLKPEESRKAEIQLKYQDEDSELGVV^ 

NlilQVTEDFSTVENVGRARLQGFTISGAHRFGlSriMiRASl^LSOT 

VIiRAGIDHRFDRLLVGAEWYASDERYDYGFPEEKRLGGYGLVNIiTAAYDLSRl^ 

imVIiGQRYTIiADGYNTAGSNAFVNPSWRM 

SEQ ID NO:25 polynucleotide sequence of Orfl3 

Atgattccaccttgccgcttatccctgatcccggcgctggccgccatggcgctggcaggc 
Gcctttcccgcgccgagcggggccgcgccggctgaattggcgcccatcgcggtcatcggc 
Gacgatcccgacgatccgcgggtattcgaaggcagcaccgccacccgtaccgccacaccg 
ctgcgggaggtgccgcagacggtcgacaccgtgaaggtgccggacgccctgaactatggc 
gcgcgcacgctgggcgaggcgctggccggcgtgcccaatgtcaccgacgccagcgatacc 
cgcttcgacggcttgcgcatacgcgggttcgacgccggcagcgacttctacctggacggg 
gtgcgcgatgacagccagtacgtgcgcgacctgcacaacatcgagcgcatcgaggtgctc 
aaggggccggccggcgttctgtacggccgcggcagccagggcggcatcgtcaatcgggtg 
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agcaaggcgcccgggccgggccgcgcttccaccctcgaagtccggctgggcggcgaggac 
tttcgcagcctgtacgccgacctgagcgcggacccttccgacacggtcagcctgcgcctg 
aacgtgggcggcgagaatgcgggcagtttcaggcacggggtcagctcgcgccgccgcctg 
gcgtcgcccgccttggcgtggcgcattacgccacggctcgattggctggcgcagtacgaa 
5 cacagccgctacgaccgcgtgcccgaccgcggcattccctcggtggacggccggcccgcg 
ccggtcgggcgctcgaccgtctacggcgaccccgggcgcgacaatatcgacgatcgggtc 
caggtgctgcgctcgcgcctgcgctaccgggcggccaatggatgggagctgcgccatacc 
ctgtcgacgttccggctgcatagcgatttcgacaacacctatctgtccggctggcgcgcc 
gagaccgggctggtgcaacgccagcgctggcagcagcacctgcgcgcccggcatctttac 

10 aacgtcttcgaggccgagggcacgttcgccaccggctggctcgaacaccgcttgctggcc 
ggcgtcgagctgggcagccagcatcgcgatccgacgctgcaccgcgcggccaccaaaggc 
cccggcgcgcagccggtgcccgggctggcgctgcaccaccccgacttgagccagcagcac 
cacggccgcatggagcgcgccagcgatgcgcgtcaccgcgtgcgtacgcaaggctactac 
ttgcaggatcaactgcgattgagcgagtcctggcaggtggtggcgggcgcgcgcctggac 

15 cggttcggggtgcgcacgcgcaatcgcctgctgggcctggaaggcagccgtggcgaccgc 
agtgtgagtccgcgcctgggagtggtctggacgccctggccggcgcacgcgttctacgcg 
tcgtacagcaagactttctcgcccaccggcggcggcaccataggcatcacgccggacgcg 
cggggcaacgccaatgatctgccgcccgaacatacgcgccagtacgaagccggggtcaag 
agcgactggctggacgggcgcctgagcaccatgctggccgtctaccagctcgaactctac 

20 aaccgccgcacgcgcgcgccccacgatcccacgcggatactcctgacgggcctgcagcgc 
tcgcgcggcctggaaatgagcggggcggggcggctagctgtgaagattcaatag 

SEQ ID NO:26 polypeptide sequence of Orfl3 

MIPPCRLSLIPALAAMAIiAGAFPAPSGAAPAEIiAPIAVIGDDPDDPRVFEGST^ 

25 LREVPQTVDTVKTODAIiNYGARTIiGEAIiAGVPN^ 

VRDDSQYVM)IjHNIERIEVLKGPAGVLYGRGSQGGIVNRVSKAPGPGiy^TIjE^^ 
FRSLYADLSADPSDTVSIiRIilTVGGENAGSFRHGVSSRRIU^PAIAV^ 
HSRYDRVPDRGIPSVDGRPAPVGRSTVYGDPGRDNIDDRVQVIiRSRLRYRAANGWEIiRHT 
LSTPRLHSDFDNTYLSGWRAETGLVQRQRWQQHLRARHLYNVFEAEGTFATGWLEH^ 

30 QVELGSQHRDPTLHRAATKGPGAQPVPGI^HHPDIiSQQHHGRMERASDARimv^ 
LQDQLRLSESWQVVAGARIiDRFGVRTRlJmLLGLEGSRGDRSVSPRIjGVV^ 
SYSKTFSPTGGGTIGITPDARGNAlOTLPPEHTRQYEAGVKSDraiDGRIiSTM^ 
imRTRAPHDPTRILLTGLQRSRGLEMSGAGRIiAVKXQ 

35 SEQ ID NO:27 polynucleotide sequence of Orfi 4 

Atgaacacgctgcgacgcctgcgcatcctgggcgccgccgccacgctgggcgggccggcc 
Gccgcgcaggaggcgcccgccatgctggagccggtgcgcatcagcggcacgcgcaccggc 
Acctcggtgctcgatacgcccgcgtccgtggacgtggtcgatggccacgagctgcgcgcg 
Cgcaacctgcaggtcaacctgtccgaaggcttggccggcgtgcccggactgcagctgcag 

40 Aaccgccagaattacgcgcaggacctgcagctgtcgatacgcggcttcggcgcgcgctcg 
Accttcggcgtgcgcggcgtgcggctgtacgtggacggcatcccggccaccatgcccgac 
Ggccagggccagacctcgaacatcgacatcggctcggccggccgcgtggaagtgctgcgc 
Ggcccgttctcggccctgtacggcaattcgtcgggcggcgtggtgcaggtgttcaccgaa 
Cagggcagcgatccgcccgaggcgacgggcagcgcggcggcgggcagcttcggcacctgg 

45 Cgctacggcgccaagctgcgcggcgccagcgcggcagacggcctggattacgtgctggac 
Ttcaatcgcttcacgaccgagggctatcgcgaccacagcgccgcgcgcaagaacctgggc 
Aacgcgcggcrtgggcctgcgcatggacgacggcagccgcctgacgctgagcgccaaccac 
Gtggacctgaccgcgcaggatccgctgggcctgacgcgcgagcaattcgaggacgacccg 
Cgcagcgcgccggtggccgagcgcttcgatacgcgcaagaccgtgcgccagacccagggc 

50 Ggcctgctgtacgagcgcgccttcgacacgcgcaacgacctgcgcgtgatgctgtactac 
Ggacaacgccgcaccacgcaataccaatccatcccggtggccgtgcagcaaagccccacg 
Caggccggcggcgtgatcgacctgggccgcgactacggcggcgccgacctacgctggacc 
Tcgcgccagcaggtggccggcctgccgctgaccctgatcggcggactggcctatgacacc 
Atgaaggagcagcgccgcggctacgacaactacaccggcccgcccgctgcgcccaccggc 

55 catgggcgtcaagggcgcgttgcggcgcgacgagaccaacacggtctacaacctggaccc 
Gtacctgcaggcctcgtggcagttcgccgagcgctggacgctgga^gcggggctgcgcta 
Cagcacggtgcgcttcgactcggacgatcattaccaggcgccgggcaacggcgacgacag 
Cggacgcgccacctatcgcaaggccttgccggtggcggcgctgcgctatgcggccaacga 
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gaacctgagcctgtacgcctcgtacggacgcggcttcgagacgcccacgctcaatga 
SEQ ID NO:28 polypeptide sequence of Orfl4 
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accttccacgcgggctaccggtacagctggtaa 
SEQ ID NO:30 polypeptide sequence of OiilS 

MmSLSRIVKAAPLRRTTLAM^ 
5 VRTASGTTIKVSGRQAQGIIiliENPAAEIjQFRNGS VTS SGQIiSDDGIRRFLGTVTVKAGKL 
VADHATIiANVGDTWDDDGI ALYVAGEQAQAS I ADSTIiQGAGGVQIERGANVTVQRS AIVD 
GGLHIGALQSLQPEDLPPSRVVLKDTNWAVPASGAPAAVSVIiGASELT^ 
AGVAAMQGAVVHLQRATIRRGDAPAGGAVPGGAVPGGAVPGGFGPGGFGPVIiDGWYGVDV 
SGSSVEIAQSIVBAPELGAAIRVGRGARVTVSGGSLSAPHGNVIETGGARRFAPQAAPIiS 

10 ITLQAGAHAQGKAIiLYRVIiPEPVKLTIiTGGADAQGDIVATELPSIPGTSIGPI^ 
ARWTGATRAVDSLSIDNATWVMTDNSNVGALRLASDGSVDFQQPAEAGRFK^ 
SGLFRMNVFADLGLSDKliVVMQDASGQHRIiWVRNSGSEPASAimiLLVQT^ 
ANKDGKVDIGTYRYRIiAANGNGQWSLVGAKAPPAPKPAPQPGPQPPQPPQPQPEA^ 
PAGRELSAAANAAVOTGGVGIiASTIiWYAESNALSKRLGEIiRIiNPDAGGAWGRG^^ 

1 5 DimAGRRFDQKVAGFELGADHAVAVAGGRWHIiGGIiAGyTRGDRGFTGDGGGHTO 

YATYIADSGFYIjDATLRASRLEmDFKVAGSDGYAVKGKYRTHGVGASLEAGRRFTHAD^ 
FLEPQAEIiAVFRAGGGAYRAANGIiRVRDEGGSSVIiGRLGLEVGKRIEIjAG^ 
SVLQEFDGAGTXmTNGIAHRTELRGTRAELGLGMAAAIjGRGHSLYASYEYSKGPK^^ 
TFHAGYRYSW 

20 

SEQ ID NO:31 polypeptide sequence of Orfl6 

Atggcaggacaagcgaggggatggtacggcgcaggcggacgccacccaatacattttcaa 
Atttcggcgggcgctgcgttgatgctgggcctgctggacgtcgccggcgccgccgctgtc 
25 Acggcagcgcagcgaatagatggcggcgcggcgtttctgggcgatgtcgccatagcgacg 
Accaaggcgtccgagcacggtatcaacgtgactggccgcacggcagaggttcgggtgacg 
Ggcggcaccatacggacgagcggcaaccaggcccagggcttgcgggtcggcacggagaat 
Gcaccggacaacaccgcgctgggcgcgtcggtctttttgcagaacctgatcatcgagact 
Tccgggaccggggcattgggcgtctctgtccacgagccacagggaggaggaggcacgcgc 
30 ttgtccatgtccgggacgacggtgcgcacgcgcggcgatgacagtttcgccctgcagctt 
tcagggcctgccagcgccaccttgaatgacgtggcgctggagacggccggccagcaggcg 
cccgcggtggtgctgtggcaaggcgcacagttgaacgcacaggggctggtggttcaggtc 
aacggggcaggcgtttccgcgatacatgcgcaggatgccggcagcttcacgttgtcgggc 
tcggatattaccgcccggggcctggaagtcgccgggatctatgtgcaggaaggcatgcag 
35 gggacgttgacgggtacgcgggtcacgacgcagggcgataccgcgcccgccttgcaggtg 
gaggacgcgggtacgcacgtcagcatgaacggcggcgcgttgtcgacctccggcgcgaat 
tcgcccgctgcatggctgctggctggcggttccgcgcagttccgcgatacggtattgagg 
accgtcggcgaggcctcgcatggcgtggacgtcgctgcgcacagcgaggtcgaactggcg 
catgcgcaggtgcgggccgacgggcaaggggctcatggcctggtggtgacgcgaagcagc 
40 gcgatggtgcgggcgggttcactggtagagagcaccggagacggcgccgcggcgctgctg 
gaaagcgggcatcttacggtggacggcagcgtggtccatggccacggcgcggccgggttg 
gaggtcgacggcgagagtaatgtgtccctgctcaacggcgcacgcctgtcgtcggaccag 
ccgacggcgatcaggctgatcgaccctcggtcggtcctgaacctcgacatcaaggaccgg 
gcgcagctattgggcgacattgcgccagaggcgcagcagccggacggttcgcccgagcag 
45 gccagggttcgtgtggcgctcgccgacggggggacgtgggcgggccgcacggacggcgcg 
gtccatacggtgcgattgctcgatcgtggcgtctggaccgtgacgggcgattcccgggtg 
gccgaggtcaagctggagggcggcacgctggcgtttgcgccacctgcgcagcccaagggc 
gctttcaagacactggtcgcgacgcagggcatttccggtacgggcacgatagtcatgaat 
gcacatttgcccagcggcacggccgatgtgctggtggcgccgcagggattcggcgaccgg 
50 caggtgctggtggtcaacaacacggatgatggcaccgagagcggcgcgaccaaggtgccg 
ctgatcgaagacgaacaaggccatacggcgttcacgctgggcaacatggggggacgggtg 
gacgcgggtgcgcgccagtacgaattgaccgcgagcgaggcgcaggccgacaaggcccgc 
acctggcagctgacgccgaccaacgagttgtccaccacggcgaccgccgccgtgaatgcg 
atggcgatcgcggcgtcgcagcgcatctggcaggccgaaatggacgtgttgctgcgccat 
55 atgagcggcctgcattcgatcgggtcgccgggcggattctgggcgcgcggcctgagccag 
cgccagaggctcgataccggttacggaccctggcagaagcagaccgtcagcggaatagag 
ctgggcctcgacaggcgggtggccggcggcgcaacgacggcgtggtccgtcggcatgctg 
gccggctacagcgagacccggcgcgatggcggcgcataccgcgccgggcatgtgcacagc 
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tlgcgcgccigggcggaggcgggccggcagatgaggttggccaatggcaatatcgttgaa 
SI?lticgl|lttiigctgggcccaggagctgggggccgataacgcggtctacacc^^^ 
ggcatclgicltgtcLgcgttcgcgtggcggattcgccgaggcccgcgtgggggtg^^ 
gScttgclgggcaagcggcatgccttgtacgccgactacgagtatgccaagggcgcgcgg 
ttcgaggcgccctggaccttgcagctggggtatcgctacagctggtga 

SEQ ID NO:32 polypeptide sequence of Orfl6 

!I^DlSESQ?DGSPEQARVR\«aJU3GGTWASRTO^ 

^^eS^^^SpSpk^ktlvatqqisgtgtxvmnmilpsgtadvlvapqgf^^ 

?^SpTNEI.STTATAAVNAMAIAASQRIMQAEMDVI.UamSGmSIQSPGG^ 

RORI^TGYGPWQKQTVSGIEIKSIJJRRVAGGATTAWSVGMIAGYSETRiaJGGA^ 

^SwsSSSfvicVVKYNRFRHGFDIRTTDLKRVDAKHRSHGLGAIJ* 

mOGWYVEPOASVAWFHAGGSRYEASNGIJlVRADGAHSmn^RAGAEAGRQMRIANGNIVE 

S^S2^m?YSGIKmmiSRGGFAEARVGVGALI.GKRHALyADYEyAKGAR 

FEAPMTIiQIiQYRySW 

SEQ ID NO:33 polynucleotide sequence of Orfl? 

Atgtatctcgatagattccgtcaatgtccgtcttccttgcagatcccgcgttccgcgtgg 
Cgcctgcatgcgctggccgcagctctggcgctggccggcatggcccggctggcgcccgcg 
Gcggcgcaggcgccgcagccgcccgtggccggcgcgccgcatgcgcaggacgcogggcag 
GaSlglgalltcgaccaccgggacaacacgctcattgcagtctttgacgacggcgtcggc 
Atclltltcgacgacgatcccgacgagctcggcgagacggcgccccccacgctcaaggac 
Atccacatctcggtggagcacaagaacccgatgagcaagccggccatcggggtgcgtgtc 
Agcggcgccggccgcgcgctgacgctggccggctcgaccatcgatgccaccgagggcggc 
Stcccgcaltggtacggcgcggcggcacgctggagctggatggcgtcaccgtggcgggc 
^SSSStilagcSatglcgitctctgacgocggcagccgcctgagcgtgcgcggc 
Gic|tgll|ggcigcgaagcgccgggcgtcggcctggtccgggccgcgcaaggcggc^^^ 
Glglglatcatciacgcgacgctgcagagcatcctcgggcccgcgctcattgccgacgg^ 
Ggltccatttccgtcgccggcggttcgatcgacatggacatgggcccgggattcccg^^^ 
Ccgcctccaccgcttcccggggcgccgctggccgcgcatccgccgctcgatcgcgttgcc 
Gcggtgcacgccggccaggacggcaaggtgacactgcgggaggtggcgctgcgggetcac 
Gggccgcaggcgacgggcgtctatgcgtatatgcctggcagcgaaatcaccctgcaggga 
Gicacagtcagcgtgcagggcgatgacggggccggcgtggtcgccggcgcgggcctgctc 
Gacgccttgccgcccggcggcacggtgcggctggacggaaccacggtgtcgaccgatggc 



Gccaacaccgatgccgtgctggttcgcggcgacgcggcgcgcgccgaggtcgtcaac 
Gtgctgcgcaccgccaagagcctggccgccggcgtatcggcccagcatggaggccgcgtc 
Acgctgcggcagacccgcatcgagaccgcgggcgcgggggccgagggcatctccgtgctg 
Ggcttcgagccgcagtccggctccggcccggccagcgtcgacatgcagggcggcagcatc 
Accacgaccggcaaccgcgccgccggcatcgcgctcacccacggcagcgcccgcctggaa 
Ggcgtggcggtgcgcgccgagggcagcggctcgagcgccgcgcagctggccaacggcacg 
Ctg|t?gtllglgla|ggtcgctggcctcggcccagtccggcgcgatcagcgtgaccgac 
; Acgccgctgaagctgatgccgggcgccctggccagcagcacggtctcggtccggttgacc 
Galgglgclacggcicaaggcggcaatggcgtgttcctccagcagcattccaccattccg 
Gtgllggttgccctcgagagcggcgccctggctcgcggcgatatcgtcgccgacggcaac 
Aagcccctcgatgccgggatctccctcagcgtggccagcggcgccgcctggcacggcgcc 
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Acccaggtgctccagtcggccacgctgggcaagggcggaacctgggtcgtgaacgccgac 
Tcccgggtgcaggacatgtcgatgcgcggcgggcgggtcgaattccaggcgcccgcgccc 
Gaggcctcttacaagaccctgaccctgcaaaccctggacggcaacggcgtgttcgtgctg 
Aacaccaacgtcgccgccgggcagaacgaccagttgcgggtcaccggccgcgccgatggc 
5 Cagcaccgcgtgctggtgcgcaatgccggaggcgaggccgacagccggggcgcccgcctg 
Ggcctggtgcatacccaggggcagggcaacgccaccttccggctggccaacgtcggcaag 
Gcggttgacctgggcacgtggcgctacagcctggcggaggatccgaagacgcatgtctgg 
Agcttgcagcgcgcgggccaggccctgtcgggggcggccaatgccgccgtgaacgcggcg 
Gatctttccagcatcgccctggccgagtccaacgcgctggacaagcgcctgggcgagctg 

10. Cgcctgcgcgccgacgccggcgggccatgggcgcgtacgttcagcgagcgccagcagatc 
Agcaaccgccacgcccgcgcctacgaccagacggtcagcgggctggagatcggcctggac 
Cgtggctggagcgcgtcgggcgggcgctggtacgccggcggcctgctcggctacacctat 
Gccgaccgcacctatcccggcgacggtggcggcaaggtcaagggcctgcacgtcggcggc 
Tacgccgcctatgtcggcgatggcggctactatctcgacaccgtgctgcggctgggccgc 

15 Tacgatcagcaatacaacattgccggcaccgatggcggccgcgtcaccgccgactaccgc 
Acaagcggcgccgcatggtcgctcgaaggcgggcgccggttcgagctgcccaacgactgg 
Ttcgccgaaccgcaggccgaggtcatgctgtggcgcacgtcaggcaagcgctatcgcgcc 
Agcaatggcctgcgcgtcaaggtggacgccaacaccgccacgctgggccgcctgggcttg 
Cgcttcggccgccgcatcgccctggccggcggcaacatcgtgcagccctacgccaggctc 

20 Ggctggacgcaggagttcaaaagcacgggcgatgtgcgcaccaatggcattggccatgcc 
Ggcgcaggccgccacggccgcgtggaactgggcgcgggcgtcgacgccgcgttgggcaag 
Gggcacaacctctatgcttcgtacgagtacgcggcgggcgaccggatcaacattccgtgg 
tcgttccacgccggctaccgctacagcttctga 

25 SEQ n> NO:34 polypeptide sequence of Orfl7 

MYLDRFRQCPSSLQIPRSAWItLHAIiAAAIiAIiAGMAI^^ 
EGEFDHRDNTIilAVFDDGVGIinLJDDDPDEIiGETAPPTIjKDIHISVEHK^ 
SGAGRALTLAGSTIDATEGGIPAVVRRGGTLELDGVTVAGGEGMEPMTVSDAGSRIjSVRG 
GVLGGEAPGVGIiVRAAQGGQAS I IDATIiQS ILGPALiIADGGS I S VAGGS IDMDMGPGFPP 
30 PPPPLPGAPIiAAHPPIiDRVAAVHAGQDGKVTLREVAIiRAHGPQATGVYAYMPGSEITL^ 
GTVSVQGDDGAGVVAGAGIiIjDALPPGGTVRIjDGTTVSTDGAim^ 

VLRTAKSIjAAGVSAQHGGRVTLRQTRIBTAGAGAEGISVIiGFEPQSGSQPASVDMQGGSI 

TTTGNRAAGIAIjTHGSARLEGVAVRAEGSGSSAAQIiANGTLWSAGSLASAQS 

TPLKIiMPGAIiASSTVSVRLTDGATAQGGNGVFLQQHSTIPVAVALESGAIUARG^ 

35 KPLDAGISLSVASGAAWHGATQVIiQSATLGKGGTWVVNADSRVQDMSMRGGRVEPQAPA^ 
EASYKTLTLQTLDGNGVFVLNTWAAGQITOQIjRWGRADGQ 
GLVHTQGQGNATFRIiANVGKAVDLGTWRYSLAEDPKTHNmSLQI^ 
DLSS lAIiAESNAIiDKRLGELRLRADAGGPWARTFSERQQI SRRHARAYDQ WSGL^ 
RGWSASGGRWYAGGIJ^YTYADRTYPGDGGGKVKGLHVGGYAAWGDGGYYLDTVI^ 

40 YDQQYNIAGTDGGRWADYRTSGAAWSIiEGGRRFELPm^WFAEPQAEVMIiWRTSGKRYRA 
SNGIiRVKVDANTATIiGRIiQLRFGRRIAIiAGGNrVQPYARLGW^ 
GAGRHGRVEIiGAGVDAALGKGHNLYASYEYAAGDRINIPWSFHAGYRYSP 

SEQ ID NO:35 polynucleotide sequence of OrflS 

45 Atgcacatttacggaaatatgaatcgagcaacaccttgccgcggtgcggtgcgtgccctt 
Gcgcttgccctgctgggagcgggtatgtggacactttctcctccctcggcatgggcgctt 
Aagctcccgfccgctgctgacggacgacgagctgaagctggttctgccgactggcatgtct 
ctggaggatttcaagcgcagccttcaggagtccgcgccgagcgcgctggcaacgccgccg 
tcgtcttcgcctccggttgcgaagccaggtccgggctccgttgccgaggctccgtcgggg 

50 tcgggccacaaggacaacccatcccctcccgtcgtcggcgtcggtccaggtatggcggag 
tcgtctggcggacataaccccggcgtgggggggggcacgcatgaaaatgggttgcccggt 
ataggaaaggtcggcgggtctgcgcccggaccggataccagtacgggctcgggtcccgac 
gccggcat:ggcgtc c ! ygagcg g gtt cgacgt<:gcccggcgcatcgggtggggcgggcaag 
gatgcgatgccgccctcggaaggcgagaggccggactccggtatgtccgattcggggcgg 

55 ggtggcgaatcgtcggctggaggcttgaatccggacggcgctggcaagccaccgcgggag 
gaaggcgagccgggttccaagtctcctgcggajcggtggccag gacgggccgccgccgcc r ! 
cgggacggcggcgatgcggai^ccgcaacctccgcgggacgatggcaatggggaacagcag 
ccgcccaagggcggcggggatgaggggcagcgcccgccgcctgccgccggaaacggtggc 
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aacggtggcaacgggaacgcgcagcttcccgagcgcggcgacgacgcgggtccgaagcct 
cccgagggagagggcggcgatgaaggtccgcaaccgccgcagggcggcggcgagcaggac 
gcgccggaggttcctcccgtcgcgccggcgccgcccgcgggcaacggtgtctatgacccg 
igcacgcataccttgaccacgccggcctctgcggcggtgagcctggccagcagttcgcat 
Igcgtatggcaggccgagatgaacgcgttgagcaagcgcatgggcgagttgcgcctgacg 
llgittgcgggcggcgtatggggccgcgcttttggccggogccaggacgtcgacaaccgc 
gtgtcgcgcgagttccgccagaccatcagcggtttcgaactgggcgccgataccgccttg 
Iclgtigccgacgggcgctggcacgtgggcgcggtggctggctacaccaacggccgcatc 
aaattcaaccggggcggcacgggcgatgacgacagcgtgcacgtgggcgcttacgctacc 

SSSSSSIScStttllLltglatggcatc^^^ 

gcgttclalltglacgacgccaagggccggcgcgtgcgcggccagtaccgcggcaatgg^ 
itgggcgcgtcgctggaactgggcaagcgcttcacgtggcccggcgcctggtacgtggag 
?c|llgIt|ga|gtiSccgccttccatgcgcaaggggccgactacaccgccagcaacggc 
ctlcgLtllallalgacggcacgaactccatgctgggccgcctgggcctgcacgtgggg 
cgicMttcgacctgggcgatggccgcgtggtgcagccctacatgaagctgagctgggtg 
SISalttciacggcaagggcacggtgcgcaccaacgacatccggcacaaggtgcggctc 

gS|Sgclgc!Lga?c?ggcl|taggggtggcttcgcaactgg^ 
Itgllclictcgtacgagtacgccaagggcagccgccagaccatgccgtggaccttccac 

gtcggctatcgctacgcctggtag 

SEQ ID NO:36 potypeptide sequence of OrflS 

MHIYGNMmATPCRGAVRMAIJUJLaAGMWTL 

SSSsAPSALATPPSSSPPWAKPQPQSV/^SGSGHKDNPSPPWGVGPGM^ 
sSJSSSS^^LPGIGKVGGSi^GPiyrSTGSGPDAGMASGAGSTSPGAS^ 

dSppseIerpdsgmsdsgrggessaggi^dgagkppreegepgskspmig^ 
SSSgdadpqpprddgngeqqppkgggdegqrpppaagnggng^tgk^qlpe^^ 

PEGEGGDEGPQPPQGGGEQDAPEVPPVAPAPPAGNGVYDPGTHTLTTPASAAVSLMSOT 

GNmQAEMNALSKRMGBIJU.TPVAGGVWGRAFGRRQDVDmVSREFRQTIS^ 

pJ^OTVraVQAVTVGYTNGRIKPDRGGTCDDDSVHVGAyATYIEDGGFYM^ 

S^^SwSoNGVGASIBWKRFTWPGAVmmPQLEVAAFHAQGADYTA^^ 

SSgSsSSSgIsHVQRQFDI^RWQPYMKLSWQEPDGKGTVRTNDIRHK^ 

DGGRTEIiAVGVASQLQKHGSLFGSYEYAKGSRQTMPWTPHVGYRYAW 

SEQ ID NO:37 polynucleotide sequence of Orfl9 

Atgaaaccgacttccatcctggcacgtttgccccgctatctcggcgcctgcgcgctggcc 

Gcgctggccgcgctggctgtcgcgccgctcgcgccggcgcaggcacagactccgctgccc 

Gcgggactclgcgcciccgaggtgcggcagtatttgtccggcctgccgtccgatgccctg 

cSSlgcagllgtcglggctigcgccggcgctgttgcgcccctatctgtcaggcctgacg 

S?gScal?t|cg|clata£itgcaggcgctgacacccgggcagatcacgcaggggct 

Icggcgttgacgcctgcgcagcgtgcgcggctgcagcgcgaattcgaacggcaggcgcgc 

cggcaggtgcagcaggcggtacgggccgaggtcgccgcgcgcagcgcgcgggcggtggcg 

Sgggcalaglgcatcgatgctgctgctcgacgccgagatgggaaccctggcgcaacgc 

callPgatcHgcgccgcggccacgacgagggcgccttctgggcgcgcggcagcgcgaac 

cgcttcaaggtcgatacgccggacacaccggcgttcgacctgcgcgtggagtacctgacg 

c?gggcgcl|accatggctggcgcctggacacggggcggctctatctgggcgcctacgcc 

ggcitctcgcgcgcccgcatggatgacaacgacatcatgcacggccggatcgaaagccgg 

ttcctgggcacgtacctgacttatgtggacaacggcgggttctacgtcgatgcggtcagc 

aagctiiggcgtatcgacgagtccgtgtcgttcgacctgccgctggggctgggcgactac 

SloSgltatatcgcaticaacgtatacgggcagtgccgaggccggctatcacttcaag 

^tgccgcaacactaattcgtcgagccgcaggcgcaggtgatctactcgcgcagcagccag 

acgtcggtgcaggigcgggccggcgtgcgcgecggccgggatttcaccctggccggcggc 

Scgacllt|cglcctta?gtcagcgcctcgtacctgcacgagttctcgcacgacgactcg 

gtcgatttcggcggcaagtcgtacgatgccgaactgcccggcagccgctggcagctgggt 

gccggcgcggcgctggaogtgggggcgcatcgcgcctacgcggatctgcgctatgggcac 

ggcgccaacatcagccaggacctgtcgctgaacatcggctacgcgtaccgcttctag 

S£QlDNO:38 polypeptide sequence of Orfl9 
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MKPTS IIARLPRYLGACAIiAAIAALAVAPLAPAQAQTPIiPAGLGAAEVR 
RQQASWIiAPAIiLRPYLSGLTDAQLRQYVQALTPGQITQGIiAALTPAQRARIiQRE 
HQVQQAVRAEVAARSAI^VAMGQSASMIiLIiDAEMGTIiAQRQGDI^ 
RFKVOTPDTPAFDLRVEYIiTLGADHGWRLDTGRLYLGAYAGVSRARMDDiro 
5 FIiGTYLTYVDNGGFYVDAVSKLGRIDESVSFDLPLGLGDYDDDISHTTYTGSTVE^ 
IiPQRWPVEPQAQVIYSRSSQTSVQGRAGVRAGRDFTIAGGATLRPYVSASYIiHE^ 
VDFGGKSYDAELPGSRWQLGAGAAIiDVGAHRAYADLRYCTGANISQDLSIjHIGYAYR 

SEQ ID NO:39 polynucleoticle sequence of OrOO 

10 AtggtcggcaggagttgtcatcgtgcagggtggttataccgggcgaccttcctcTtatac 
GccgcaaactgtgcttatcccgcgaacgcccaatcggtttctggttccggtcagGtgtcg 
Aacgggccgatcacgtcaccgcactgggtggtgggcggggaactgatcgtcggggatacg 
Ggcgccgggaccttgctcatcgaggccggcggtaccgtgctcaacgactgggcctatatc 
Ggcagtgacaatggcgctgtgggcaccctgacggtgtcgggccgcgacggcgccggggcc 

15 Gcgtcgacctggacgactgtcgacgatgtgtcgatcggcgttgcggcgggcagcaggggc 
Acgctcgaggtgctcggcggggccagggcgcaaagcggatggggcaccatcggcgtcgct 
Gcaggcagcgtcggaagcgtgaccgtgtccgggcccgggtcggtgtggaatatcgccacg 
Gtcaattcgttccagatcggctcgggcggcagcgggacgctgtggatcgaccagggcggc 
Gcagtgtatagcgggcagggcgtcatcggttggaaccccggcagcgacgggcacgt-cacg 

20 Gtattgggtccggcaacggtatggaacccgctgaacaatatctatgtcggtctcggcggg 
Actggtgaactggatatccgggacggcgcggccgttgcgactgcagggtcgagcccgccg 
Ggcgccgcggcatcgatctacatcgggacgagcgcagggagcgccggcacggtaacggtg 
Tcgagcgcgacggccgtcacctcgacgctcacgtcgaccgaccgtatcgaaatcggctcg 
Gccggcgccggggtgctgactgtcgccaaaggcgggatggtgggcgtcgccagcgacgcc 

25 Tggatagccatcaccggcacgtcctccggaacgctgaacctgaccggcgatgccagcggc 
Cgaggcgtgctggaaacgggctcggtcatcaagggcgccggcaacgcgaccttcaacctg 
Gatggcggggtcctgcgcgccaatcgtgacgaggccaatttcctcaatggtttctccacg 
Caggcggtgggaagcggcggcgcctggttcgatacgaatgcccatgacgtgggcgttgtc 
Accgccttctcgggtacgtccagcttcaacaagctgggagccggcacgctgacgctgtca 

30 

Ggcaacagcgccgcgttcacggggaacaccgatatccaggccggaacgctgcaggtggac 
Ggcgttcttggcgggccggtggatgtgctggcgggggcgcggttgaccggtaccgggcgc 
Gtcggtgcgacggccaacaagggcaccattgcgccgggcccgcgcagcggctttggcacc 
Ctgacgatcgccggggattacgcggcccagggcggcaacctggaaatccgtacgcagctt 
Ggcgccgacgactcgccgaccgacaggctggtgatcacgggcgccagcgctggcgtgaca 

35 Ccggtcacggtcgagaatatcggcggcacgggcgcctcgacccagcggggcatacaggtc 
Gtgcaggtcaatggcgcttcggcaggccggttcaacctcgccaacggcgattacgtcatc 
Gaggggcgtccggcgctggtggccggcgcctatggctatgtgctgcagcaggacgccgcc 
Gacggcgattggtatctgaaatcgt<;gctgcccgaccctggggctccccaaggcgggggc 
Ggtctgccgggcgccggggagcccgtgctttatcagcccggcgtgccggtctatgaagcc 

40 Tatgccaacacgctgctgcatctgagccggctttccaccttgcgccaacgggtcggcaat 
Cgcctttatgatccggcagatgtcggccgcaacggcgtatggagccgcgtcgagggctcc 
Gcgagccagctcgatccttccgcgtccacgactggcgaacgccaggacgtcgatagctgg 
Aaagtgcagttcggtgtcgaccgtatcctggccggcgggcaagagggctcccgcctggtg 
Ggcggattggcgctgcagtacggcaaggccgacacgcgcgtgtcgtcgatatacggcaat 

45 Ggcactgtcgacgccacggcctatggcctgaccccgacgctgacctggtacggcagggac 
Ggcgcctatgtcgatgcccaggcccaggcgatctggttcgacagcgacctgagttcacgg 
Ctggccggcaagctcaaggatggccggaaagcgcatggctatgggctgggtatcgaagcg 
Ggcaaggccttcggattgcgggaggggctggccctgatcccgcaggcgcaattgtcgtac 
Gcatcgacccgcttcgacagcttcgacgacagattcggcgcccgcgtcgaagacgataag 

50 Ggcgacagcctgcagggccgtctcggcatcgcgctggactacaagagcagctggcaagcg 
Ggcggcgcgaaccgggagtcgagtgtcttcggcatcgtcaatgtgaagcatgagttcctg 
Gatggcacgcgcgtgcgcgttgccggcgtgccggtaagcagccgcatggcgcgcacctgg 
Ggcagcgtgggagtgggggccgattacggttggggagaacgctacgccatttacggccag 
Gtggacgccgatgcagatttcgccggcagctacatcgt<2accgcgaccgcggggttcagg 

55 atgatgttictag 

SEQ ID NO:40 polyp^tide sequence ^ OrfZO 

MVGRSCIHRAGWLYRATPIjIiYAANCAYPANAQSVSGSGQVSNGPITSPHWVVGGELIVGDT 
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GAGTIJJIEAGGTVIiiroWAYIGSDNGAVGTLlVSGRDGAGAAST^^ 
TIiEVLGGARAQSGWGTIGVAAGSVGSVTVSGPGSVWNIATWSFQIGSGGSGTIjW 

AWSGQGNaOWNPGSDGHVTVIiGPATVVinfcTPLNNIYVGL 

QAAMIYIGTSAGSAGTVTVSSATAVTSTLTSTDRIEIGSAGAGVLTVAKGGMVGVM 
5 WIAITGTSSGTI^TGDASGRGVniiETGSVIKGAGNATPNIjD^^ 

QAVGSGGAWroTNAHDVGVVTAFSGTSSFKnKLQAGTLTLSGNSAAFTGl^ 
G\rUK5PVDVIiAGAMiTGTGRVGATANKGTIAPGPRSGFGTLTIAGDYAAQGCa^ 
GADDSPTDRLVITGASAGVTPVTVENIGGTGASTQRGIQWQWGASAGRFin^ 
EGRPALVAGAYGYVIiQQDAADGDWyiiKSSLPDPGAPQGGGGIjPGAGEPVLyQPGVPVYEA 
10 YAOTIiLHLSRLSTIiRQRVGNRLYDPADVGRNGVWSRVEGSASQLDPSASTTC 

KVQFGVDRIIiAGGQEGSRIiVGGIiAIiQYGKADTRVSS lYGNGTVDATAYGIiTPTLTWYGRD 
GAYVDAQAQAIWFDSDLSSRIiAGKLKDGRKAHGYGIiGIEAGKAFGLREGIjALIPQAQLSy 
ASTRFDSFDDRFGARVBDDKGDSIiQGRIiGIAIiDYKSSWQAGGANRESSWGIV^^ 
TCTRVRVAGVPVSSRMARTWGSVGVGADYGWGERYAIYGQVDADADFAGSYIVTATAGFR 

15 MMF 

SEQ ID NO:41 polynucleotide sequence of OrGl 

Atgccgtcacccgatgccttgccgcacacgccgcctgcttcaggcggcgatcgcgtgatc 
Agcgggatcctgcagcaggacctcggcagttggctggcgccggatgccgcaaagcgcagc 
20 Ccctccgagcctggcaaggcggccgaaaaaatcggggtaatgccgaacgaggacctcggc 
Aagtggctggttccgggggcgcaaaagaacaatccgcccgagcctggcaagacgctggac 
GaaatccgTgcgggtctcgaaaaatgggtggcgcccgggtccaagccgcccgtcgaaccg 
Gatccggacaaggcgacgcaggcgtatcgcaaagacctcgataaatggctggcgcctccg 
Gccaagtccggcccgcccgaagcgccacccgtcgtccaacccgaagcgccgccgcaagcg 
25 Caacctgaggcgccgcctgtcgtgccgccgccggccgagccgccagcagctcgaccgccg 
Gccgttccgcccgcgcggccggccggcgacgcggtgtacgtgccgggcacgcgcacgctg 
Acgccgacggccaacgcggcggtgggcacggccagcgccgcgcaaggtctgtggcaggcc 
Gagatgaacgcgttgagcaagcgcatgggcgagttgcgcctgacgccggttgcgggcggc 
Gtatggggccgcgcttttggccggcgccaggacgtcgacaaccgcgtgtcgcgcgagttc 
30 Cgccagaccatcagcggtttcgaactgggcgccgataccgccttgccggtggccgacggg 
Cgctggcacgtgggcgcggtggctggctacaccaacggccgcatcaagttcgaccggggc 
Ggcacgggcgatgacgacagcgtgcacgtgggcgcttacgctacctacatcgaggacggc 
Ggtttctatatggatggcatcgtgcgggtcagccgcattcgccacgcgttcaaggtggac 
Gacgccaagggccggcgcgtgcgcggccagtaccgcggcaatggcgtgggcgcgtcgctg 
35 Gaactgggcaagcgcttcacgtggcccggcgcctggtacgtggagccgcagctggaggtg 
Gccgccttccatgcgcaaggggccgactacaccgccagcaacggcctgcgcatcaaggac 
Gacggcacgaactccatgctgggccgcctgggcctgcacgtggggcggcagttcgacctg 
Ggcgatggccgcgtggtgcagccctacatgaagctgagctgggtgcaggagttcgacggc 
Aagggcacggtgcgcaccaacgacatccggcacaaggtgcggctcgatggcggccgcacc 
40 Gaactggccgtaggggtggcttcgcaactgggcaagcacggcagcctgttcggctcgtac 
Gagtacgccaagggcagccgccagaccatgccgtggaccttccacgtcggctatcgctac 
gcctggtag 

SEQ n> NO:42 polypeptide sequence of OrfZl 

45 MPSPDAIiPHTPPASGGDRVISGILQQDLGSWIiAPDAAKRSPSEPGKAAEKIGVMPNEDIiG . 
KWIiVPGAQKimPPEPGRriiDEIRAGIiEKWVAPGSKPPV^ 

AKSGPPEAPPWQPEAPPQAQPEAPPWPPPABPPAARPPAVPPARPACa^AVYVPGTRTL 
TPTAIIAAVGTASAAQGLWQAEMimiSKRMGEIiRIiTPVAGGVWGRAFGRRQDVD 
RQTISGFEIiGADTALPVADGRWHVGAVAGYTNGRIKFDRGGTGDDDSVHVGAYATYIEDG 
50 GFYimGrsniVSRIRHAFKVmDAKGRRVRGQYRGNGVGASLELGKRFTWPGAWYVEPQI^ 
AAPHAQGADYTASNGIiRIKDIXSTNSMLGRIiGLHVGRQFDLGDGRWQP 
KGTVRTNDIRHKVRLDGGRTBIiAVGVASQLGKHGSIiFGSY^ 
AW 

55 SEQ ID NO:43 polynucleotide sequence of Oii22 

Atgtgcgacacctgcagagatgatgatggcacctcgccttcgattcgcgtccaaggcggg 
Gttgttcagggcggcatgggtgcaaataacgtcgctgtggtggcaacagggtctggaaag 
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Gtcgcgatcgagaatgcggaactgctcggagccagcggcatgtacgccacgttcggcgcg 
caggtcgatatgaaaggcgggcgcattctggcgcacaacaccaatatcctgggaagccag 
ggttacgccgatggtccctatggcggcgtggtcgtgacagaggacggtcaagtcaacctg 
gagggcgccaaggtcagtgcaactggcctgggggccgccggcttgtggttgctgggcgac 
5 aaggacaccagcccgcgagccagcctgcgcaacaccgacgtccacggagaggtcgccgcc 
attgcgctggggttcaatggcgaggcgaacatctcgggcggcagcttgagcgtagaggat 
ggggccgtgctcaccaccctgacgcccgatgcagtcgagtattactacgactacgccttg 
tccatggagcatctgccagctgatgcgccgttgacgccggtccgcgtcacgctgtccgat 
ggcgcgcgcgccagcggagaaacgttgatcgcgcatggcgggttgttgcccatgacgctg 
10 cgcttgagcagcggggtcgacgcccgcggcgacatcgtcacgctgccgccttccgcgccg 
cccgattccgcggagcaaccggatgccgagccggaaccggatgccgagctggaaccggac 
gccgcggcgcagtcggacgccaaggcgaatgcgcgggtcatggcgcaggtagatggcggg 
gaacctgttgccgtgccgatcccggccccttcgcatcccgatgccccgatcgacgtgttc 
atcgacagcggtgcccaatggcggggcatgaccaagaccgtcaatgcgttgcgcatcgag 
15 gacggcacctggaccgtcaccgggtcgtccacggtgaacagcctgcacctgcaggcaggc 
aaggtggcgtacgcaacgcctgccgaaagcgacggagaattcaaacacctgcgggtcaag 
accctctcgggaagcggcctgttcgagatgaacgccagcgccgacctgagcgatggcgac 
ctgctggtcgtgtccgacgaggccagcgggcagcacaaggtgctggtgcgaggagccggc 
acggaacccaccggtgtggaaagcctgacgctggtcgagctgcccgagggcagccagacg 
20 aagttcacgcttgccaaccggggcggggtggtcgacgccggcgcgttccgctatcgcctg 
acgccggacaacggtgtctggggcctggaacggaccagccagctttcggccgtcgccaac 
gcggccttgaataccgggggcgtgggcgcggccagcagcatctggtatgcggaaggcaat 
gcgctctccaagcgcctgggcgagttgcggctcgatcccggcgcgggcggcttctggggg 
cgcacgttcgcccagaagcagcagctcgacaacaaggctggccgacgcttcgaccagaag 
25 gtgtacggtttcgagctgggggccgaccatgccatcgcaggacagcaagggcgctggcac 
gtgggcggcctgctgggctatacccgcgcaaggcgcagcttcatcgatgacggcgccggg 
cataccgacagcgcgcatatcggggcctacgcggcgtacgtggcggacaacggcttctat 
ttcgattcgaccctgcgcgccagccgcttcgagaacgacttcacggtaacggccaccgac 
gccgtttccgtacggggcaagtaccgggccaatggggtaggcgccaccttggaggccggc 
30 aaacgtttcacgttgcacgacggctggttcgtcgaacctcagtccgaggtgtcgctgttc 
catgccagcggcggaacctaccgtgccgcgaacaacctgtcggtcaaggacgaaggcggc 
acctccgccgtgctgcgcctgggcttggcggccgggcgacgcatcgacctgggcaaggac 
cgcgtgatccagccctatgccaccctgagctggctgcaggaattcaaaggcgtcacgacc 
gttcgcaccaacgggtacgggctgcgcaccgacctgagcggtggccgggctgaattggcg 
35 ctgggcctggccgccgcgttggggcgcggccaccagctctacacttcgtacgagtacgcc 
aagggcaacaagctgaccttgccttggacgttccacctgggctatcgctacacctggtag 

SEQ ID NO:44 polypeptide sequence of Orf22 

MCDTCRDDDGTSPSIRVQGGWQG<3!GANNVAWATGSGKV^AIENAEl4LGA^ 

40 QVDMKGGRIIiAmmrXLGSQGYADGPYGGVVVTEDGQVNItEGA 

KDTSPRASLRimDVHGEVTU^IALGFNGEANISGGSIiSVEDGAVIiT^ 
SMEHLPADAPIiTPWVTLSIXSARASGETLIAHGGLLPMTLRLSSGVDAR 
PDSAEQPDAEPEPDAELEPDAAAQSDAKANARVMAQVDGGEPVAVPIPAPSHPDAPIDVF 
IDSGAQWRGMTKTVNAIiRIEDGTWTVTGSSTVNSIiHIiQAG 

45 TLSGSGLFEMNASADLSDGDLLWSDEASGQHKVLWGAGTEPTGVESLTLVELPEGSQ 
KFTIiANRGGVVDAGAFRYRLTPDNGVWGLERTSQIjSAVANAAIiNTGGVGAASS 
ALSKElLGEIiRIjDPGAGGFWGRTPAQKQQXiDNKAGRRFDQKNn^'GFEIiGADI^^ 
VGGLLGYTRARRSPIDDGAGHTDSAHIGAYAAYVADNGFYFDSTLRASRFEiro 
AVSVRGKYRANGVGATLEAGKRFTIiHDGWFVEPQSEVSLFHASGGTYRAANNLSV^ 

50 TSAVIjRLGIiAAGRRIDLGKDRVIQPYATIiSOTiQEFKG\m7VRTN 
IiGIiAAALGRGHQLYTSYEYAKGNKLTIjPWTPHLGYRYTW 

SEQ ID NO:45 polynucleotide sequence of Orf23 

Ttgcgccagaccacgccggtgccggtgcggctcgtcctgcgcggcgcggcggtcgcgcag 
55 Ggcgatgtcgtgcgcgcgcccgagacggcgccggagaaggatgggttcggcacgcccgtg 
Cggccgggcttgcgcgtcgggctggaccaggcgccgctcgagctcgatgtggccgacggc 
gcgcagtggcatggcgcgactcagtcgcttgacaggctggccctgggcgcgggcggccaa 
tggcgcatgagcgcggcatccagcgtgggcgaactgagcatggagcctggcgcggccgtc 
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atQttcqgcgatgcggccggaccgggttttcaaacgctgacggtgcgoaccctggcgggc 

lSggt??StciaStgStgcggacgccgcgctggagca^^^ 

IccSccalgccgaagggcggcatcgcgtgtggttgcgcgcgccggccggcg^^^ 

tcgaaggcacaggccgtgctggtgcgogcgoccgcagacggcaaggccagtttcgaaccc 

galggcagcgacggcagggccgacttcggcacctatcgctacgggctggcgcagcagccg 

Sciicglclggggcctagtcaggacggggtattcgtccaccgccgccgcggcg^^^ 

Ilcilclgaclgggcgcggtgcaggggttgtggtatgccgaatccaacgcgttgggcaa^ 

JSItSlcgalltglgcctgaacccggacgccggcggcgcctggggccgggcgttcagc 

cigcglllgcgcatcagtccgcgcgcgggccggcatttccagcaaggcgtcagcggcatc 

gaiclggglgScgaccgggcctggcccgtggccggcggccgttggcatgcgggctggttg 

Itiggclaclcgcgcgcgtcacgcgggttttccggccagggaaaggggcaoaccgacagc 

S?Scgtggglggclalgccacctatatcggcgccaatggcgtgtacgccgatgccacg 

?t|cgc|clliccgcttcgagaattcgttcgacgcacctggctgggcggggcgcaccgtg 

?c5g|clgctlccicgccaatggcgtgggcgtgacgctggaggccggccggcgtctggcg 

c?gSccIgcact|gltcgtcgagccgcaggccgaactggcgtggtttcgtgccggcggc 

ggtlcgtllacggccagcaatggcctgcgtatcgaggatgacggcggcacgtcgctgoag 

llgcgggtagglgcgcaagccggccgccgcttcgacttgcgcggcggcgcggtggtgcag 

lc??lcgcgclglt|agttgggtgcaggaactcaagggcgtgagcacggtgcgcaccaac 

ggS?S3SlcgLScglll4ggcgcgggccgcgtcgaactgggact^^^^ 

Slcgcgltgggcaagggccacaatctgtacgcgtcgtacgagtacgcgcacgggcccagg 

ctcagcctgccgtggaccgtgcagctgggttaccgctacgcttggtaa 

SEQ ID NO:46 potypeptide sequence of Orf23 

S^^^fsgSrshtdsvhvgqyatyigangvymatlrasrfensfdj^g^^^ 
SsSangvgvSeagrrij^RHMfvbpqaeiawpragggtytm^^ 

S?S?SFDl!^C3AWQPyAQLSWVQELKGVSTVRTNGIAHRTDI^GRVEI^^^ 
AALGKGHNLYASYEYAHGPRLSIiPWTVQIiGYRyAW 

SEQ ID NO:47 polynucleotide sequence of Orf24 

SScKlcgS?Sg?gaatlgcg|cttacgccggcagccggcggcgtgtgggcacg 

??SSclaS?aggcctgglLatcaggtggtggacaggttcacc« 

gggltlgaga?tggcgccgacacggccttgccggcggccgaggggcgctggcatgtaggc 

gclgtglclggctLagccgtgcgcgccgcaagctggcgcacagcgcccgtggcaacagc 

lalagcctgcatgtgggcgcctatgogacgtatatcggcgacggcggcttctacctcgac 

ISSI^ttgtgcgggtlaaccgctacgagcacgatttcagggctgacggccagcgcggcgcg 

?SSg?clgP?aSatcicgccla?ggcatcgggctgtcgctggagaccggcaggcgt 

Sc!2?^cgglgac4gltcgtggaaccgcaggtcgaagtggogttgttccgt^^^ 

aacaaa^I^actacacggccagcaatggcgtgcgcgtcgacgtggcaagcaccaagtcg 

^^^r^^^i^X^r-^gggcaggcctgcaggtgggacgcaagctggatctgggcaacggcaaactg 

gtlcag^itacgcca^^^^ 

accaacgatatcggccatgacgtcaaactgcggggcgggcgcgccgaactcgacttgggc 
Stggcclcggcglltggclggcacagcagcctgtttgcttcgtacgagtacagcaagggc 
agccgcttgaccattccgtggagctttcacgtcggctatcgatacgcotggtaa 

sEQrnrNO:48 polypeptide sequence of Orf24 
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liPSPPEEAPQAGPDASKQRPBGIiPAPDimPQPDAKPGiyEnyiKPRPGVEPGPEAEPGPQGQP 
GPQPGARPQDEPHAQPIiPPAGNPGAGIYMPRSGILTMVLAVLGTASAPQGIWQAEMNl^ 
SKRMGELRIiTPAAGGWARSFAQRQRIJ)NQVVDRPTQTVGGIEIGADTAIiPAA^ 
AVAGYSRARRKLAHSARGNSDSLHVGAYATYIGDGGFYIJDGIWVNRYBHDFRA^ 
5 RVTGKYRANGIGLSLETGRRFTWAGDWFVEPQVEVALFRSGGADYTASNGVRVDV^ 
LIiGRAGLQVGRiaiDIiGNGKLVQPYAKLSWLQEFDGVGKVRTOT5I<^ 
VAAALGRHSSIjFASYEYSKGSRLTIPWSFHVGYRYAW 

SEQ ED NO:49 polynucleotide sequence of Orf25 

10 Atgagacggttaaaggcccaggctttcgagggcagccgcagcaggccggcaggacatggg 
Gtggcgcctaccttgctggcgctggccctggggttccagggggcggcggcgtgggccaat 
Tgcacgacgtcaaacggtgctaccacttgcaccaacgccaacggctctcataccaacaag 
Gtgggcagtggaccgagcgggatgaacgaacgcgtcaccgtgaatcagggggcgcgcatc 
GAgacaaacgccagcgcggcgatcagtgtgggaacgagcgggcaggtacgaatcgagggc 
15 Ggtgcagtagtgcaaagcacggtcaatactgctgcgtccggccagtacgccaaaacgctg 
Gaagcagcaagcaataacaatatttccatccaagtaaacgcgcagctcctggccaagggc 
Agcgcttcgcagtccagcgcgttgggattgtcaggcgccggcaataccgtcaccaaccat 
Ggcacgatccgggccgataatgccgcggcaatctgggtcactgccaataccgccaatgcg 
Gccaataccatcgataactacgggactatcgaaacagtgctcaatggcggctacgccaac 
20 Gccatcggcagcacgcggaacaacagtgccacgggcgctggcgtgacggtacgcaatcat 
Gccaacggacgcatcgtcggcaacgtgaagttcgaggctggcgacgacagcgtcatactc 
Gacggcggctctaccatcaccggatccttgaacggtggcagcggcaacaacagcctgacg 
Ctgaaagccggcgacggcacgctgggccgcgcaatccgcaacttcggcacgatcaccaag 
Caggaggctggaacctggaccctgaatggccaggtcggccgcaacgacaacaacctcaag 
25 tccacggtcaaggtggagggcggcacgctggtcttgcgcggcgataacagcggcgccacc 
cagggcggcgtgttgcaggtgtccgccggcgctacggcggacgtaactgccgccagcgcc 
atgcagtccatcagcaacgccggcacggttcagttcacgcaggacagcaatgccgcctac 
gccggcgtgctgagcgggaccgggagcatcgtcaagcgcggcggcggcgacctgacgttg 
acgggcaacaacacccataccggcaaggtggtggtggaggcgggcagcctcagcgtatcg 
30 gcggccaacaacctgggtggcgcaggtagttcggtacagctcaagggcggcgccctcgcc 
ctcaagaaaaccatcgtcgtcaatcgcggcctgacgctcgattccggggcgcagacgttg 
atcatcgagccgggaacaaccacgacctggcaaggccaggttagcggcgccggcaaactg 
gtgacccagggcggcacgctggtgctggagcacgcgtccaatacgtatagcggcggtacg 
gagatcaacaacggaacgctgcgggcggcgcatgatgccagcctgggttccggcacgttg 
35 gcgctcaagaacagccagctggccgccacggacagcttcacggccacgcgtgcattgacg 
ctcgctggaaacgaaagcatagacgtcgcagccaccaagatactcagttggaacggcgaa 
atcagcggcgccggcaccctggtgaaggaaggccaggggaccttgctgctgcgcggaacc 
aatcagcaaaatggcggcacgaccgtcaatgccggtacgctgcagatatcccgcgacgcc 
aatcttggccgaggggcgctggcgctgaacgacggcacgctgcagagcaccggcagcttc 
40 gcgacctcgcgcgcggccaccttgcgcggccaggccaccatggaggtcgacgcttcgcat 
accgtgacctggaatggcgagctgagcggcggcggcatgttgcgcaagtcaggccagggc 
acgctggtcctggccggcgccaacacgtactcgggtggcacggtggtcgaggccggcgcg 
cttcgggcaggacacgaagacaacctgggacggggcgcaataaccctgcagggcggagat 
ctgcttgccggcggcagtttttcgagcaaccgcgatctcacgcttgtccgcggttccttg 
45 gacgtggctcgcgacgctaccctgacctggagcggcgcgatatcgggcgccggcgatctg 
gtcaagaaaggggacgggcgcctgacactcacgggcgtcaacgagtacgccggccagacc 
gtgctccggggcggcaagctgcgtgtggccagggacgaaaacctgggccgcggagcactg 
gtgctggaagacaataccgtgttcgagagcatgggctcgcatgccgccacgcggcaggtc 
acgctcaagggcgcgcccaaggtagagacgcttgacggcactacgctcgaatggcgcggc 
50 acggtcgacggcgacggcaagctgtacaagcaaggcggcggcacgctcgtgctgagcggc 
aacaatacctacgccaagggcgtcgaggtctggggcggggtcgtgcaagtctctcgcgac 
cagaacctgggcgcggccaatggcgcggtcacgctcaacggcggcgggttggcggccaac 
ggggatttcaccagcaatcgccagctggagctgaccgccggggccaaggccatcgacgtc 
gcggccggcaaggacgtgacgtggcgcggtgtcgtcaacggcgccggcgcgctgaccaag 
55 gccggcgacggtacgctggcgctggccggcgccaacacctacaccggcggcacgcgcttg 
cagggcggcaccgtgcaggtatcgcgcgacaacaacctcggccaggccgccggcgcggtc 
acgttcga^ggcgggcggctggccaacacgggcagctttgcgaccgcgcgcacggccacg 
ctcaacaaggctggccagatcgataccgaccggggcaccacgctgacatggaacggcgcc 
atcggcggrcaagggcgagctgcgcaagcaaggggcgggcaccctggtgctgggcggagcc 
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aacacttaccagggcgacacccgcgtcgaggccggcacgctgcaagtgtcggccgacgcc 
aatctgggccagggcgccgtgcatctgcacgacagccggctggcgacgaccggtacgttc 
gcgacctcgcgccgtctggagttgaccggacgtggcgcggtgcaagcggctgccgccgcc 
acgctggattggcgcgggacggtcgctggcgccggcacgctggtcaaggagggcgcaggc 
5 acgctggtgctggccggtgacaaccagcatgccggcggcaccgaggtcagggccggcacg 
ctgcaggtatcgcgcgccaccaacctggggcccggcgcgctggcgctggagaacgcggcg 
ctggccacgaccgccagcttcacggccacgcaggcagccaccctgactggcaacgccgcc 
atcgacacggccgccggcaccacgctgggatgggagggggccatcggcggaaccggcagc 
ctgcacaaaaagggcgagggcaagctggtgctggtcaaggacaaccaccatgacggcggc 
10 accacgatccacgccggtaccctgcaggtgtcgcgcgacgccaacctgggctcgggacag 
agcgcggtgacgctggatggcggcgccctggcggtttctgccgggttctccagcgggcgc 
gagatcgtcgtgggcgccgggcacggcgcgctttcggtgacgggcggccacaccctgcaa 
tggcagggccaggtcggcggggcgggggcgttgaccaagacgggcgacggcacgctcgtg 
ctggagcacgacaatacccacgccggcggtacccggattaccggcggggtgctgcgcgtc 
15 tcgcgcgatgagaacctgggcgaggcgcatggcatgctgacgctcgacggcggcacgctg 
tcgaccaccgccgggttcgcgagccggcgcaacgccaccgtgggcaacggcggcggccgg 
atcgtcgtcgccgacgccgccacgctggatttgcagggcgacgttgccggcgcgggccgg 
ctggtcaaagagggcgcgggcacgctggccttgggcggcacgaacacctatgccggcggc 
accgtggtcgaggccggcacgctgcgggtcgcgcgcgacgccaacctgggcggcggcgcg 
20 ctgaccctgaacaacagccgcctgcatgcgaccgccggctttgccaccggccgcgatgcg 
accctctccgggcgcgcctcgatcgacaccgacgaccgggcgacgctgcaatggcgcggc 
acggtcaatggcgccggcaggctggtcaagcagggcctgggcaccctggtactggacggc 
gacaaccggtacgcgggaggcaccgaggtcaatgccggcacgctgcaggtcgcgcgcgac 
gccaacctgggcgcgggcgacgtggcgctcaatggcagcagcctggccgcgaccgccagc 
25 ttcgccaccgcgcgcacggccacgctgagcggcgcggccgccatcgacacggccgacggc 
gccaccttggactggaatggcctgctcgacggtgacggcgccctggtcaagcagggcaac 
ggcaccctggcgctggccgcggccaaccgctatggcggcggcaccatcgtcaaggcgggc 
gccgtgcggatcgcccgcgacgccaacctggggcgggccggcaccggcgtaacgctggac 
ggcggcgcgctggccaccacggcggatctcgcgaccggccgcgcggcgaccctgggcgcg 
30 gccaacggcacgctggacgtggccgccggcacccgcctggactggaacggggcgatcggc 
ggcgccggcgcgctgaccaagaccggcgccggcaccctggcgctcaaccacgacaaccag 
catgccggcggcaccctggtccatggcggcacgctgcggatcgcccgcgacgccaacctg 
ggcgcggcgggcacggcggtgacgctggacggcggcacgctggccaccacggcgtcgttg 
gcgcccgagcgcgcgctgcgcgtcggggcgcgcaacggcgtattgctgccggacgcgggc 
35 acgaccctggattggcggggcgtggtcgccggcgcgggcaagctgaccaaggccggtccg 
ggcacgctggtgctcagcgccgataaccgccatggcggcggcacggcagtcaccggcggt 
acgctgcaagtttcgcgcgacgccaacctgggcgcggcggccggcgccctgacgctggac 
ggcggcaccttgctgagcaccgccagctttgcctcggcgcgtgtcgccaccctcgatgcc 
gcgggcggcaccttcgtcacccgcgacggcacccggctggattgggacggcgcgataggc 
40 ggggcgggtggcctggtcaaggaaggcgccggcgagctgcggcttggcaatgccaatacc 
taccaggggccgacccgcatcgccgccggccgcctggccgtcaacggcagcatcgccagc 
ccggtcacggtcgagcaggccggcgtgctgggcggcacgggccgcatcgtcggggatgtg 
gccaaccgcggcgtggtcgcgccgggcaactcgatcggcgcgttgacggtggccggcaat 
tacgctggtacgggcggcagcctggaagtggaggcggtgcttggcggcgacgccgcgccg 
45 gccgatcggctggtgctcgacggcggcgcggccagcggcgtcacgccggtcgtagtcaag 
ccgcagggcggggtgggcggcctgaccctgcgcggcattccggtggtcgtggcccagggt 
ggcgccacgaccgcgcccggggccttccgcctggcgcagccgctggtcgcgggcgcctac 
gagtaccagttgctgcgcggcgcgggcgacggcgccgcggcgcaggcgcaagactggtac 
ctgcgtacctcccgcgtcgagcgcgacaaggcgggcaggatcgtcaaggtcgtgcccttc 
50 taccggcccgaggtggcgctgtatgccggcacgcccatgctgatgcgcatggtcggcacg 

ggcgccgcagcccggcgtggcgtgtgggcacgtaccttcgggcgtcgtttcgagcgctcc 
gcgggcagcgaagcggcgccgtccttcaacggcagcctggccggcatgcagctgggcgcg 
gacctctacacgcgtcgctcggccacccggcatgccgacgccttcggcgtgttcggcgga 

55 tacgccacggcccgcggcgatgtgcggggcctggcgcgcggcgagatccaggcggtgggc 
acgtccacgctgcgggccgcccagctgggcgcctactggacgcacactggtccgagcggc 
tggtacgtcgacacggtgctggcgggcacgcgctacaagcagcagaccagctcgtcggcc 
catgtcggcgcgaccagccgcggctggggcatgatggcctcggtggaggccggctacccg 
tggcagctcaatccgcgctggcaaatcgagccgcaggcccagttggtgtatcagcagctt 

60 ggcatcgccaatggcgccgaccgcgtgtcttcggtgtcgtacaagacgcccgatgcgctg 
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acggggcggctgggcacgcgcctggcgggccagtacgcatacgggaaggcgcagttgcgg 
ccgttcatgggcgtatcgctgctgcacgatttcaccggcgccgacaccgtcacgttcgcg 
ggcgtgcacagcgtacgcgccagccgccagaacacggccgtggatctgaaggcgggcgtg 
gacacgcagctgggcaagagcgtaggcctgtgggggcaggtcggctacggcaagtcggtc 
5 ggcagcggcgacggcagcgaccgtggctggagcgccaacctggggctgcgcgtggcgtat 

tga 

SEQ ID NO:50 polypeptide sequence of Orf25 

MRIU^KAQAFEGSRSRPAGHGVAPTIiliAIiALGFQGAAAWANCTO 
10 VGSGPSGMNERVTVNQGARIETOASAAISVGTSGQWIEGGAWQSTVNTAASGQ 

EAASNKttJISIQVNAQIiIiAKGSASQSSALGI.SGAGim^ 

ANTIDNYGTIETVLNGGYANAIGSTRimSATGAGVT^ 

DGGSTITGSmGGSGlOTSIjTLKAGTCTLGRAIRNFGTITKQEAGTWTIJ^ 

STVKVEGGTLVLRGDNSGATQGGVLQVSAGATADVTAASAMQSISNAGTVQFTQDSN^ 
15 AGVLSGTGSIVKRGGGDLTLTGmnOTGKVVVEAGSLSVSAANNLGGAGSSVQIiK^ 

LKKTIWNRGLTLDSGAQTLI lEPGTTTTWQGQVSGAGKIjVTQGGTLVLEHASNTySGGT 

EINNGTLRAAHDASIiGSGTLALKNSQIiAATDSFTATRALTIiAGN^ 

ISGAGTLVKEGQGTIJiil^GTNQQNGGTTVNAGTIiQISRDANM 

ATSRAATIiRGQATMEVDASHTVTWNGELSGGGMLRKSGQGTL 
20 IiRAGHEDNIiGRGAITLQGGDLLAGGSFSSinaDIaTIiWGSIiDV^^ 

VKKGDGRIiTLTGVNEYAGQTVLRGGKLRVARDENIiGRGAL^ 

TLKGAPKS^TIJDGTTIiEWRGTVTCDGKLYKQGGGTLVIjSGNlS^ 

QNWAANGAVTLNGGGIiAANGDFTSmQLELTAGAKAIDV^ 

AGDGTIJUAGANTYTGGTRLQGGTVQVSRDNNLGQAA^^ 
25 liNKAGQIDTDRGTTLTWNGAIGGKGEIiRKQGAGTLVLGGANTYQGDTO^ 

NLGQGAVHIiHDSRIjATTGTFATSRRLELTGRGAVQAAAAATLDWRGWAGAGTLVKE^ 

TLVLAGDNQHAGGTEVRAGTIiQVSRATNLGPGALALENAAIjATTASFTATO 
IDTAAGTTIiGWEGAIGGTGSLHKKGEGKLVLVKDNHHIXSGTTIHA 

SAVTIJDGGAIiAVSAGFSSGREIWGAGHGALSWGGHTLQWQGQVGGAGALTKTGDGTLV 
30 liBHDNTHAGQTRITGGVIiRVSRDENIiGEAHGMLTIiDGGTLSOT 
IVVADAATIiDLQGDVAGAGRLVKEGAGTIiALGQTl!nYA<^ 

LTLNNSRIiHATAGFATGRDATLSGRASIDTDDRATLQWRGTWGAGRLVKQGLGT^ 

DimYAGGTEVNAGTLQVARDANMAGDVAIiNGSSIJ^TASFATARTAT^ 

ATLDWNGLLDGDGALVKQGNGTLAIiAAANRYGGGTIVKAQAWIT^AOTiGR 

35 GGALATTADLATGRAATLGAANGTIjDVAAGTRIiDWNGAIGGAGALTKTGAGT^ 
HAGGTLVHGGTLRIARDAmjGAAGTAVTLDGGTLATTASIiAPERALRV^ 
TTLDWRGWAGAGKLTKAGPGTLVLSADNRHGGGTAVTGGTLQVSRDANIiGAAAG^ 
GGTIiLSTASFASARVATIiDAAGGTFVTRDGTRLDWDGAIGGAGGLVKEGAGEIi^^ 
YQGPTRIAAGRIiAWGSIASPVTVEQAGNn^GGTGRIVGDVAimGVVAPGN 

40 YAGTGGSIjEVEAVLGGDAAPADRLVIJJGGAASGVTPVVVKPQGGVGGL™ 

QATTAPGAFRIiAQPLVAGAYBYQia^RGAGDGAAAQAQDWYIiRTSRVERDKAGRIVKV^ 
YRPBVAIiYAGTPMLMRMVGTEALGSYRERAGQPGAAAPEAGAAARRGVWARTFGRRFERS 
AGSEAAPSFNGSIiAGMQLGADLYTRRSATRHADAFGVFGGYATARGDVRGLARGEIQAV^ 
TSTIiRAAQLGAYWTHTGPSGWYVDTVIiAGTRYKQQTSSSAHVGATSRGWGMMASVEAGYP 

45 WQIiNPRWQIEPQAQLVYQQLGIANGADRVSSVSYKTPDAIiTGRIiGTRIiAGQYAYGKAQI-R 
PFMGVSLLHDFTGADTVTFAGVHSVRASRQNTAVDLKAGVDTQIiQKSVGL^ 
GSGDGSDRGWSANIiGLRVAY 

SEQ ID NO:51 polynucleotide sequence of Orf26 

50 Atgttgcgaactggagccccgatgcgtagcgcccgccgccgtaccccagcacgacttgcc 
Ccgttgccggccatgctggccgccgccggcctgctgcaatccttgggcgcgacgcccgcg 
Gccgcggcctgtgcgcccacgctggcgccagccagcgggcagagcgtgcaatgcgacggc 
Gccgtggtcaaccagtcggtcgaggcggcggccggcagccagaacgfcaaccatcacggtg 
Gcgcccggcgcgctgttctcgaccaacgcgacgcgggcgctgtcggtcgatgaccgcagc 

55 cgtatcgtcaacgagggcacgatccagatggccggcggcgccggcgcctcgcgcggcgcc 
Atggtgggtttcggcgacaacaaccagttgatcaaccgcggatcgatcacgacatcgggc 
■ Agcggcgtgcgcggcatctcggtgcccaacgtcggcagtaccgggacgctggtcgacaac 
Agcggcagcatccgcacccagggcgccagcgcgcacggcatcgccatcaacggcccgggc 
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45 



50 



55 



n?SSoSSiSsGSLALSBRVm.EPQAQLIYQirrRVDGPSDAVS 
RSLALYGRLAYATSIDSQYIJlGASAQLOIRyTW 

cS^SSStgSSggattcgtgctgtgcgcgctgctggcggcatgcggag^^ 
SJ^SSgtog^cggaggcggtggcggcagcccgggcggccgtgcgcc^^ 

Sir?r«CCCCTTCGCCACGCCCC»^ 
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CCACCGGAGGCTCCCCOSCCCGTGATGCCGCCGCCGGCaSTGCCXSCCTa^G 
GTGCCGGCCX3CAGACCTXK:CCCGCGTGCGCGCGC<X3CrGTCX3ACMACCGGC 
CGCACCGACTTCGTCy^CGCCCACCGGCGGGCCGTTCTTCGCaVAGCAGGAC^^ 
AACACCATCGACCTGAAGATGGCGCACGACCTGAAGCTGCGGGGCTACasaST^ 
5 GCGGTCGTCGACGAAGGCGTGCGCAGCGACCATCCGCTCCTGAACGTCGAGAAGAAATAC 
GGTGGCGATTACATGGCCGACGGCACCCGCACCTACCCCGACCCCAAGCGCCAGGGCa^ 
CACGGAACCTCGGTCGCCCTG6TACTGGCCGGACAGGACACCGACACGTATCGCGGCGGC 
GTTGCGCCCAATGCCGACCTCTATTCGGCCAACATCGGCACGCGGGCCGGCCACGTCTC 
GACGAAGCroCATTCCACGCCTXKST^CGACCTGCTCGGGCACGGCATC^ 
10 AAOWSTTTOKJCACaaAAGGTCCGGAAGGCQAGCA^ 

TACCMAGCGCCGCCAACAAGCAGAACACCTACATCGGACGGCTC 
GACGGCGCGCTCCTCa^TTTTCGCCGCCGGCAAOKKa^CCATC^^ 
GAGGTCGGCTCGGTCGGACGCACCCCTCGCGTCGAGCCGCy^^CTGC^ 
GTCGTCACCGCGGTGGACGAAAACGGCaVGGCTCGAAACATGGGCCy^CCG^ 
1 5 GCGCAGCAATGGTGCCTGGCCGCGCCCAGCACCGCCTACCTGCCCGGCCTCGACAAGGAC 
AACCCCGACAGCATCCTICGTCGAACAGGGCACXSTCGCTATCCGCGCCGCTGGTCACCGG 
GCCGCCGTACTGGTCCAGGATCGCTTTCGCTGGATGGACAACGACa^CCTC 
TTGCTQACCACGGCGC7^GGACAAGGGCCCGTACGGCGTCGACCCGCAGTACX3GCTG^ 
GTGCTCGACX3TGGGCCGCGCCQTGCAGGGCCCXK3CGCAGTTCGCCTTCGGCGACOT 
20 GCCCGGGTTACGGATACCTCCa^CGTTaKSCaU^CGACATCTCCGGCGCCGGCGGGCTGG 
GTCGACGGCCCCGGCGCGCTGGTCCTGGCCGGCTCCAATACCTATGCCGGCOKaVC^ 
ATCAAGCGCGGCACCCTCGAaSTCrTTGGCAGCGTavCGTCaSCCGTC^ 
GGCXKSCACGCIXSACCGGCATCGGCACCGTCGGCACGGTGACCSUVC^ 
AACAAGGAGGCCGGCCTGCACGTCAAGGGAGATTACrCACAGACCGOSCAGGGCC^ 
25 GTCy^CCGACATCGGCTCGCTGCTCGACGTATCaSGCAGGGCCAGCCTGGCOXSCC^ 

CATGTGGACGACATCCGCCCCGGCTACGTCGGCGGCGACGGGAAAAGCGTCCCGGTCATC 
AAGGCCGGCGCGGTGTCCGGCGTCTTCGCCACGCTGACGCGCAGTCCGGGCCTGCTGCTC 
AACGCCCGGCTGGACTACCGGCCCCAGGCCGTCTACCTGACCATGCGGCGCGCCGAGCGC 
• . GTCCATGCCGCGGCGCAGCGGGGCGCGGACGACGGGCGTCGCGCGTCGGTGCTGGCCGTG 
30 GCaSAGOSGCrCQACGCaSCGATGCGCGAACTCGATGCCCTGCCCGAGTCG^ 

GCCGCGGCGCCGGCGGCCGCCMCGGACGCATCCAGCGCGTGCAAAGCCGCy^GGTGC^ 
CAGGACAACCTGTATTCGCTGGCOSGCGCCSVCCTACGCCAACGCCGCCGCGGTC^ 
CTGGAGCAGAACCGCTGGATGGACCGCCTCGAGAACCACCTGGCCCAGGCCGGCGGCQAG 
CX3CGTGGCGGCCATCGCCGAGTATCGCCACGGC(^GTTGCGCTGGCGCCCCmTGGCCro 
35 ca^GGCCGCCAGCGCGGCAACGGCATCATGCTGGGCCTGGCGCGCGAAGTCT^ 
CTGAGCCTGGCCGCGGCGCTGACCCACAGCCGCACGCACTOGGATC 

CCGGCCCGCGACAACGCCGCCATGACC^CGCCGGGCGTACTGCTGGGCGCGCGCCGCGCC 
TGGGAGGAa3GCTGGTTCGTGCAGGGCGC».CrGGGCTATAGCCGCTACCGCi^ 
ACGCGCCACATCTCGCTCGGCGATGCCGGCCavCACCGTCGGCGCCACCGCCaS^^ 
40 GTCTGGCAGGCOSACGCCGGCCTGGGACGCCAGTGGACK^ 
GCGCCTCGGGCGGGCCTGOU^CKa^CGCATCTO 
<3CGCa^GGACTGGGGCTGCGCGCCCAa3CCrTGAC^ 
CAACTGCyUUVGCCGCCATGCCraCATGCTGGGAGCC^ 

CTGGGCGTCTGGOVTGACCTGCGCGCGCGGCGCTACGCCGCCTCCGGCGGTTTCTC 
45 CTGGCGCAGGACCAGGGCGCCAGCGGCTACTGGCCCGTGCCGCGCACACGCGTACAGGTC 
GCGCTCGGCCTGCGCGCCGAGTTCGCGCCAGGCCTCGTGCTGGGGCTGGGCTACACGGGC 
CAGCTTGCOVOSCACTGGGTC^TCACC^ 

SEQ ID NO:54 polypeptide sequence of Orf27 

50 MPAQRTPRTAVCEATVRSSPRWIHCTGFVLCMJIiAAaSGGGGGGG 

PQPAPSPRPEPAPEPAPNPAPRPAPQPPAPAPGAPRPPAPPPEAPPPVMPPPAVPPQLPE 
VPAADLPRVRAPIiSTYRRPQRTDFVTPTGGPFFAKQDKALNTIDLKM^^ 
AVVDEGVRSDHPLIiN\nSK3CyGGDYMADGTRTYPDPKRQGRHGTSVA^ 
VAPNADLYSANIGTRAGHVSDEAAFHAWNDLIiGHGIKIFNNSFATEGPEGEQRVKEDRl^ 

55 YHSAANKQinryiGRLDRIiVRDGALLIFAAGNGRPSGRAYSEVGSVGRTPR\^ 

VVTAVDBNGRIiETWAiroCGQAQQWCriAAPSTAYIiPGLDKDNPDS IHVBQGTSLS APLVTG 
AAVLVQDRPRWMDITONIjRTTLLTTAQDKGPYGVDPQYGWGVIJDVGRAVQGPAQFA^ 
ARVTDTSTFGiroiSGAGGLVVDGPGAIiVIiAGSlirrYAGRTTIKRGT^ 
GGTIiTGIGTVGTVTNQGTVVNKEAGIjHVKXSDYSQTAQGIiL'^^ 
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HTODIRPGYVGGDGKSVPVIKAGAVSGVFATLTRSPGLIjLNARIjDYRPQAVYLT^^ 
VHAAAQRGADDGRRASVLAVAERIjDAAMREIjDA^ 
QDNLYSIiAGATYJMJC^AAVNTLEQNRVmDRLENI^ 
QGRQRGNGIMLGIiAREVSAGLSLAAALTEISRTHWDESSGAPJ^IS^^ 
5 wEDGWFVQGALGYSRYRNQATRHISLGDAGHTVGATARGHVWQADAGIjQRQWTI^ 
APRAGLQIiTHLRQQGFSESGAQGIiGLRAHALTRTVPTLWAQLQSRHAPMI^ 
LGVWHDLRARRYAASGGFAGLAQDQGASGYWPVPRTRVQ^ 
QLATHWVDHQIiSASLTYRY 

10 SEQ ID NO:55 polynucleotide sequence of Orf28 

Atgtcgtccccgcgtccccccgcaccttggcgcgcaccgctcgcgcttgccggcctgtcg 
Cttggttgcgctgccggcgcatacggcgcgcccgcgccggcacaaaccgtcgtcaccctg 
Cccgcgcaagaggtcatcggcgacagcgtcgcggcggcccggtccgtgctgcgcctgccg 
gagatcgagcgcgcgcaggccgacaacttcgcctccctggtcgatcagctgccgggcatc 
15 tcgatggccggctctccgcgccccggcgggcaaagcctgaacatctggggcatgggcgat 
accgaggacgtgaaaatcgtcctcgatggcgcgcccaagggtttcgagaagtaccgccag 
ggctcggtcttcatcgaacccgaactgatccggcgcatcgaggtcgacaaggggccgcac 
aacctggtcgacggcaatggcgggttcggcggcaccgtcaagatcgataccaaggatgcg 
gccgacctgttgccgccgggcgcgcgcttcggcgcgctggccaagtacggccgccattcg 
20 aacgacggccaggacatctacagcgtggcgctgtacggccgcacccgcgccgacggggcc 
gacggcctgctgtatgccaaccgccgcgacggcggcgatctgcgccgccccgacggcacc 
cgcttcgcatactcgcgcaacaaccagcgctcgctgctcgccaaggtcaacctctatccg 
gacgacgcccagaccatcaccctgtcggccatgcgttcgaatgcggcgggttggcaaccc 
ttcgcggccaagcgcgacgatcttcccgcgccttcgcaggccgatatcgaccgctacggc 
25 ctgaccgaagcatggcggcgcaagctggtccatcgcgaccagctcgaccagaactacagc 
gcgaaatggaacatcgccccatccgcccatccctgggtgaacctcacgctggcctatgcc 
cgctcggacacccggcagcgcgaccggcgctcgtcccgggcgtcgcagtcggcctttctc 
ggcacgctgggcaacaagagttgggtcgactaccgcgacgaccggttcgacctcagcaac 
gaaagccacgtggccctgggcacggccgagcatgtcctgctggcgggcctgcgctggcac 
30 cggcatcgccgcgacacgctcatgtactacccgcccggccgcggcgagcccgattacaac 
cacgggtacttccagccgcactacatgccttcgggcacgcagaccgtgcgcagcctgtac 
ctgcaggacgccgtcaccgtcggcggccttaccgtcacgcccggcgtgcggtacgaccat 
gtcgccaataccggcaggccaaacgacgcgccccgctacaacaaccccgcccccgtggcc 
gggcatgactaccgccgcgtctcgtacgcgggctggaccccgcacctgggcgtggtctgg 
35 aaggcggcgcgaggcgtggcgctgttcgccgacgccggccgcacctggcgcgcacccgtc 
atcgacgaacagtacgaagtgcaatatgcgaagtccaatgtgtcgggcagcagccgggcg 
ctgcggcccgagcgcatcgtgggcctgcgcgccggcgccgtactggattacaacgatatc 
gcgacgcgcggcgacagcgtgcagatacggaccacgctgtttcgcaatcgcggcaagcac 
gagatcttccagcgccgtggcgtggcatgccgcgggcaggccgagggcggcgccgcctcg 
40 gactgccccaagcccttgtccaactaccgcaacctgcccggctacaccatcgaagggctg 
gaactggagacctactacgacagcccggcgatgttcgccagcctgtcgctttcggccatg 
cgcgggcaccgcgacgcctcgccgcgcgatccatgggggccgcgcacctggatcgccgag 
atcccgccggtctcggcgcgcgcgatgctgggcgtgaaactgccgcgcctggacatggtc 
ctgggatggcgcggcgaattcgtgcgccgccaggaccgctcgccgaccgacggcgacccg 
45 ctggccggctactgggccttgcccaagaccgccggctacgcgctgcacggcctgttcgca 
agctggcaaccccggcatgtcaaaggcctggacgtgcgcctggccgccgacaacctcttc 
aaccggccctatcatccctacctgggcgaagcggtatcgggcacgggccgcaacatcaag 
ctge^catcgcccagcgcttctag 

50 SEQ ID NO: 56 polypeptide sequence of Ori28 

MSSPRPPAPWRAPIiALAGLSIiGCAAGAYGAPAPAQTVVT^ 

EIERAQADNFASLVDQLPGISMAGSPRPGGQSLNIWGMGDTEDVKIVIiDGAPKGF^ 
GSVPIBPELIRRIEVDKGPHNIiVDGNGGPGGTVKIDTKDAADIiLPPGARPGAIiAKYG 
OTGQDIYSVALY^TRADSADGLLYANRRrK3GDIJRRPIX3TRFAYSRNNQRSI^^ 
55 DDAQTITLSAMRSNAAGWQPPAAKRDDLPAPSQADIDRYGIiTEAWRRKLVHra 
AKWNIAPSAHPWVNLTIiAYARSDTRQRDRRSSRASQSAFLGTIjGNKSWTO 
ESHVALGTAEHVIilAGLRWHRHRRDTIiMYYPPGRGEPDYNHGYFQPHYMP 
IjQDAVTVGGLTVTPGVRYDHVANTGRPNDAPRYNNPAPVAGHD"^^ 
KAARGVALFADAGRTWRAPVIDEQYEVQYAKSWSGSSRAIiRPERIVGIi^ 
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ATRGDSVQIRTTLFRNRGKHEIPQRRGVACRGQAEGGAASDCPKPLSNYRNLPGYTIEGL 
BLETYyDSPi^FASLSLSi^GHRDASPia>PWGPRTWIAElPPVSARZ^G\^ 
IiGWRGBFVimQDRSPTTODPIJ^GYWALPKTAGYAIiHGLFASWQPRHVICGI^ 
NRPYHPYLGEAVSGTGRNIKLSIAQRF 

5 

SEQ ID NO:57 polynucleotide sequence of Orf29 

Atgaaggcgcggcgcctggccatggcgggtctgtcgctggcgctcggcggctgctcgctg 
Tcgcagcagatgcaggccatgcgcgacgccgcgacgtccctgcgcgcacgcctgctcgaa 
Gggcagcaggccgtgggccgggccggcgagcggccggcgcgcgaagccgcccaggacgtc 
10 gcgcggccctggctggccgggcgcgcccagccgctggcacgcgaggtgctgctgccgccg 
gcgctgcgcgccgatgtcgatacgaccctgctgttcgcgggcaaggccacgctgcccgtg 
ctggccgagcgcctgcatcgcgccaccggcatcgccgtgcgcgtgcatcccgacgcgctg 
ctgccgcgcgccgccttcctgccgcgcctggcggggcaggccgagctggcggccgagcct 
cccgcccaggccgaactgcgggccgggccgcgtccgctggccgacacgctcgacgcgctg 
15 gccgcgcagctgtacgtgcactggcgctaccatcgcggcgccatcgagttctaccgcacc 
gaaacgcgggtcttcgatgtgcgcacgctggcgctggccgccagcgcgcaggctcggctg 
ggccgcgccggcagcggcgagacgggcagtttcgaccatgcctcgagcacggtgctcagc 
gccgacgccggcaaggcgctgcaggccgtgcgggaccgcgtcgccgctttcctgacgcgc 
gccggcgtcatcgccgagatcgaggcgggcggaagcacgctcgcggtcacggatacgccg 
20 gaggcgcticgcgcgcaticgaaaaatacctgcaaggcgagaaccgcgccctgacgcgccgg 
gtacgcctggtgttcgaagagctcacggtgcgcaccacggccgccgccgaaggcggcatc 
. gattggcaggcggtcfcacgccagcgcgcgcgccgcggcgtcgtacgccatgcccggcggg 
gccggcgcggcaggcgcgctcggggcccgcgtgctggccgggccctggcgcgacgcgcgc 
gccctgatcgccgcgctgagcaccatgggagcggtactgcgccatcgcagcatacccatg 
25 ctgacgctgaaccggcgcgccgtcacccacgccgtgcgcaccacgttttcctacgtggac 
caggtgcagcgcctgagcccgaccgcggcggcgcccggtgggcgcgatgccgtgcccggg 
ctggcggtgcagcagaagcgcgagacggtgggcacgttcctcacgctgttgcccgaggcg 
cgcgatgacggccgcatcctgctctccatttcctatgacaacaccattgcccagccgctg 
cgcaccctgaccttcggcgagggcggccagcaagtgtcgctgcagcagatcgccatcgac 
30 ggcagcggcatcgtgcagcaggtcgagctgctgcccggccagcccgtcatcctgtcgggc 
ttcgaccacagcgaagaccaatacgaacgccaccgcctgtttcccgatgcgccgctcgcg 
gccggcgggcacgaccgcacggcgcgcgagcgggtcacgaccgtggtcatggtcaccgcg 
cagatcgacgagggttga 

35 SEQ ID NO:58 polypeptide sequence of Or£Z9 

MKAimiiAMAGLSLALGGCSLSQQMQlO^RDAATSL^^ 
ARPWIAGRAQPLAREVIiLPPALRADVDTTLLFAGKATLPVLABR^ 
LPRAAFIiPRIiAGQAELAAEPPAQAELRAGPRPLiADTIiDAIiAAQIiyV^^ 
ETRVFDVRTLALAASAQARIiGRAGSGETGSFDHASSTVLSADAGKALQAVRDRVA^ 
40 AGVIAEIEAGGSTLAVrDTPEAIiARIEKYLCySEimAIiTRRVRLVF 

DWQAVYASARAAASYTUVIPGGAGAAGAIiGARVIiAGPWRDARAIiIAAIiSTMGAVLRm 
LTLNRRAVTHAVRTTFSYVDQVQRLSPTAAAPGGRDAVPGLAVQQKREWGTFLT^ 
RDDGRILLSISYDOTIAQPLRTLTFGEGGQQVSLQQIAIDGSGIVQQVEIjLPGQPVIIiSQ 
FDHSEDQYERHRIiFPDAPIiAAGGHDRTARERVTTVVMVTAQXDEG 

45 

SEQ ID NO:59 polynucleotide sequence of Orf30 

Gtgaccatgttcatccgctggctcattctctccgcctgcctgctgctggccgcctgcagc 
Cgcgctcccgataccgagatcctgcagcgcgatgtcggccagaccctggccgccacgtac 
Ggcccggacct:gt:tcgacatcgtcgcgctgcgccgcatgggctcggccaccgacagcacg 

50 gccccgccgggccagacgcgccgggtggtctattacgatgtggtgctgggcctgaagaag 
gacctcaccctgggcgcctgggaccagcccggcgccgccgcgctggtcagcctgc^gggc 
gccgggccgcgcagcatctcgggggtgaaatccagcggcaatgccgccggcgaccagatc 
gtcgcccacgccagcgccatctaccagcgcgacgcagagcaatgggtgcacgtcgccccg 
gccagcttcacggccaccgaagcgccctcgctggacaccggcgcgccgccgccggtgacg 

55 cgccagctgctccagacgctggagcagatcacgcgttccgtgccctacagcgcctccagc 
accgcccagcacgtggtgcaacaggagctggagcgctcggtggcgcgcatcaatggccgg 
cttgcccgcctgcaaaagggctacccgctggcgaccggccccgacaagggcgagtacctg 
gcgttcggccaggcgctggccgcgatcgggcgcaacgagcaggtgcgcgtcattcccctc 
attaccggcggcagcgcggacaacatggccatgctgcgcagcggcgcggcggtggccgcc 
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ctgtcgcaggccgacatcgcgcaactggcctacgagggcaaggggccgttcgaaagccag 
ggaccgttctccgggttgcgcgcgctgggcagcctgtatccggagctggtgcacatcgtg 
gtgcgccagggcgatggcatcgccacggtgggcgcgctgcgcggcaagaagattgccctg 
ggcccgtcgggctcggcggtacgcaccacgctggagaccgtgctggcagcGcatgggctg 

5 cagccggggcgcgactatgcagtcatcgacacgccggccgccgcggccctgccgcagctg 
agcgaaggacgggtcgacgcggtggcgcaggtcatcggtacgccggccgcgcccttgcgc 
gcggcgctgacccaggcgcgcctggcgctgctgccgctggaccgggctgcgatcgacaag 
ctggtgcaggccgatccgaccctgatggcgctggacatcccggccaacacctaccccagc 
caggccgcggccatccccacggtgggcatggcggcgctgctggtcaccacggccgatctg 

10 acgcgcgacgaggccgcgcatatggtggacgtggtataccgggccgggcaggacctgctg 
gccgccgggtccgcgcagggcgcgcaggtatccgcggccaacgccgggcgcggattgagc 
attcccctgcacgacggcgccgtggaagccttcgagaaactgggcgcgccgcccctgccc 

gagggcaggtag 
IS S£Q ID NO:60 polypeptide sequence of Orf30 

VTMFIRWLILSACLLLAACSRAPDTEIIKSRDVGQTliAATYGPDLFDIVAL^ 
APPGQTRRV\rrroVVIjGLKKDLTLGA]ra5QPGAAAIjVSIiIi^^ 
VAHASAIYQRDAEQWVHVAPASFTATEAPSIiDTGAPPPVTRQIjLQT^ 
TAQHVVQQELERSVARINGRIiARLQKGYPIiATGPDKGBYLAPGQAIiAM 
20 iTGGSADNMAMLRSGAAVAALSQADIAQIJVYEGKGPPESQGPFSGIiRALGS^ 

WQGDGIATVGAIiRGKKIALGPSGSAVRTTLETVIiAAHGLQPGRDYAVIDTPAAAA^ 

SEGRVDAVAQVIGTPAAPLRAAIiTQARLALIiPLDRAAIDKLVQADPTIiMAIiDIPAI^^ 

QAAAIPTVGMAAIiLWTADLTRDEAAHMSn^VVYRAGQDLLAM 

IPLHDGAVEAPEKLGAPPLPEGR 

25 

SEQ ID NO:61 polynucleotide sequence of Orf31 

Atgatccgtatgcctggtttccgattctccgttccgccgcgccgccggctggccgtcgcg 
Gcgctgtgcgcggcgctgggcggctgtgcggtcgggcccgactaccagcgacccgccatc 
Gacgtgggggccgcctacaaggaggccgccgcgccgcagcccggctggacgcccgcgcag 
30 cccagcgacgagagcgcgcgcgggcaatggtggcaggtgtatggcgacccggtgctcgac 
ggcctggtgcagcaattgaaccagggcaactactccgtggcgcaggccgaggccaattat 
cgccaggcccaggcgctggtgcgcaatgcgcgcgccggcttcttccccaccataggcgcg 
ggcgccgacgtgacgcggtccggctcgggcggcggcagcggcgccggctcgaacggcagc 
tcggtcggcaaccagtactcgctcagtgggtcggtcagctgggaagtcgatgtgtggggc 
35 cgggtgcgccgcgaagtcgagtccagccgcgccgaggcgcaggccagcgcggcggacctg 
gccgtcacccgcctgagcgcgcaggccgccctggtgcagaactacctgcaattgcgcgtg 
ctcgacgagcagaaacgcctgctcgacgccacggtgctggcctacgagcgctcgctgcgc 
ctgacgcagaaccgctacgaagccggcgtggtgggcaagtccgacgtggcggtggcgcgc 
acccagctggagaacacgcgggcccagtccatcgacctggactggcagcgcggccagttc 
40 gagcacgccatcgcggtgctgatggggcaggcgccttcgcgcttcgccctgccggcgcag 
ccgttcgcgcagcaactgccggacatcccggcgggcctgccctcgcaactgctggagcgc 
cggcccgacgtggcggccgccgagcggcgcgcggccgccgccaatgcgcagatcggcgtg 
gcgcaggcggcctggttcccggacctgaccttgtcggccagcggcggttttcgcagcggc 
cagttcgccgagtggctgaccgcgccggcgcgcttctggaccctcggcccggcgctggcc 
45 atgacgctgttcgacggcggcgcgcgttcggcgcgcgtcgagcaggcccgcgccgcctat 
gacgcgcaggcggccgcctaccgccagagcgtgctgacggcgctgcgcgaggtggaggat 
tacctggtgcagctgcgcgtgatggagcacgagcagcaggtgcagcgcaatgcgctcgag 
tccgcgcgcgaatcgctgcgcctggcgcgcaaccagtacgagcaggggctgatcgactac 
ctgagcgtggcggtgctggaaaccaccgcgctgaacaccgagcgcaacgccatcagcctg 
50 ctgggcagccggctcaacgccagcgtgcagctgatcgcggcgctgggcggcgggtggcag 
ggcttgccggccgaggcggcggccagcgcggcggccgagccgtVccgcgccctag 

SEQ ID NO:62 polypeptide sequence of Orf31 

MIRMPGFRFSVPPRRRLAVAALCA?^IiGGCAVGPDYQRPAIDV 
55 pSDESARGQWWQVYGDPVIJ5GIiVQQLNQGNYSVAQAEANYRQAQALVRNARAGFFPTIGA 
GADVTRSGSGGGSGAGSNGSSVGNQYSIiSGSVSWEVDVWGRVRREVESSRAEAQASAADIj 
AVTRLSAQAALVQlTxIiQLRvIiDEQKRIjL 

TTQEEKTRAQSimJMQRGQFEHAIAVLMGQAPSRFALPAQPFAQQ 

RPDYAAAERRAAAANAQIGVAQAAWPPDLTIiSASGGFRSGQFAEWLTAPARFWTLGPALA 
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MTLFDGGARSARVEQAIUU^YDAQAAAYRQSVLTALREVEDYLVQIiRVMEHEQQVQiaJ 

SAI^SLRIJ\I^QYEQGLIDYLSVAVIiETTAIiNTEim2U:SL^ 

OLPAHAAASAAAEPSAP 

S SEQ ID NO:63 polynucleotide sequence of Orf32 

Atgacgcatcccgtcccgacgacctttgcacgtaccgccggcgcgctgcttgccgcgctg 
Gcgctggccggctgcgccgtggggccgcagtaccaggcgcccacgcccgcgccggtgaag 
Ctggccagccccgaacaggcgctgttctcggccgaccggttgcaacgcgaatggtggcgc 
cagttgcaggatgcccggctggacgcgttgatcggcctggcgctggcgcgcaacctcgat 

10 atcggcctggcgctggcgcgcaacctcgatatccgccaggcgcaggcgcgcctgcgcgaa 
gcgcgcgccgcgctcgacgaaaaggaactggaccgctggccgaccgtgaccgcggccggc 
ggctacacgcgcagcctgtcgcagatcaaccccggccccgaccagcgcaacctcgcgcaa 
agctaccgcgcgggcttcgacgcgacctgggaaatcgatttgttcggccgcctgcagcga 
cgggccgaggccgcggccgcgcgcgaccaggccgccgccgccgacctggcccagacgcgc 

15 ctggtggtggtggccgagctggcacgcaactatttcgagatgcgcggcgccgagcaacgg 
ctggccgtggcgcgcgccaacctcgccacccagcaggagacgctgcgcgtcaccgcggcg 
ctggtggaaaccggccgcggctatgccggcgacctggccagcgcacgggccgagctggcc 
ggcacgcgggcgctgctcgcgccgctggagacgcaacggcgcctgg'cccagtaccacatc 
gccgtcctggcggccatgcggccggccgagctgggcgagctgcggcaggagcagccgctg 

20 gcgccgctggccgcgcaattgcccatcggcgacgtggccatgctgctgcaacgccgcccc 
gacgtgcgcgccgccgagcgcctgctggccgccaccaacgccgacgtcggcgccatcacc 
gccgaactgtatccgcgcatcgacctgggcgggttcctcggtttcattgccttgcgcggc 
ggcgacctgggccaggccagcagcaaggccttcgcgctggcgccgacgatcagctggccg 
gcgttgcacctgggcagcgtccaggcgcagctgcgcgcgggccaggcccggcacgacgcg 

25 gcgcgggcgcgctacgaacaggtggcgctgcaggccatcgaggaagtggaaggcgcgttg 
acgcgctatggacagaaccagcagcggctgcgcgacctgcttgacagcgccacgcagagc 
cagcgcgccgccgacctggcgcaaacgcgctatcgtgaaggggccgcgccgtatttgacg 
gtgctggacgcgcagcgtactcttttgcgcgcacaggatgccgtggcgcaatccgagtcg 
gagtcctataccagcctggtcgcgctctacaaggccctgggcggaggctggaataccgac 

30 gccgccgcgcccgcccgttccgcccgcaccgccgccctgccggccagcccctga 

SEQ ID NO:64 polypeptide sequence of Orf32 

5miPVPTTFARTAGAIiIjAAIjAIiAGC?^VGPQYQAPTPAPVK^^ 

QLQDARIJDALIGIiAIJ^imiiDIGIiALARN^ 
35 GYTI^LSQXNPGPDQRNIiAQSYRAGFDATWEIDIiFGRLQRIU^EAAAARDQAA 

LVVVAEXJ^RNYFEMRGAEQRLAVARAmiATQQETI^^ 

GTRALIJ^IiETQRRIiAQYHIAVIiAAMRPAELGEIJlQEQPI^ 

DVIO^AEM^IiAATNADVGAITAELYPRIDLGGFIiGPIAIJRGGDLGQM 

ALHMSVQAQLRAGQARHDAARARYEQVALQAIEEVEGALTRYGQNQQRI^ 
40 QRAMIiAQTRYREGflJ^YLTVLDAQRTIiLRAQDAVAQSESES 

AAAPARSARTAALPASP 

SEQ ID NO:65 polynucleotide sequence of Oii33 

Atgaaacctgtcgtcatgagaaccttgttgtcccttgccgtggccacggccctggccggc 
45 Tgctcgctggcgcccacctacgagcgcccgcaggcgccggtcgacgcggcctatccgtcc 
Ggcccggcctacggcgcgccgggccaggccgccgcgggcgcgccggccgccgccgacgtg 
ggctggcgcgacttcttcggcgacccgctgctgcaggagctgctggcgctgtcgctggcc 
aacaaccgcgacctgcgggtcgccgcgctcaacgtggaggcggcgcgcctcaacccgagc 
ggacaggccggcatcagccgcagctaccaggtcggtgccagcctgtcgacctgggagctg 
50 gacctgttcgggcgcatccgcagcctcagcgaacaggcgctgcagctctatctggcccag 
gacgaaacgcgcctggccacccagctgacgctggtggccgagaccgccaacgcctacccg 
accctgcgcgccgaccaggaactgctggcgctgacgcgccagacgctggcggcccagcag 
gagtcgtacaagctgacccgccagagctacgacctgggcgtggcgaccgagctggacctg 
agccaggccgagatttcgctgcgcaccgccgagcgcaatctgtcgcagtacacgcgcatg 
55 gcggcgcaggaccgcaacgcgctggtgctgctggtgggccagccgctgccggccggcatc 
ggcgcgcagctggaccaggccgtggcgctgcccgacggcgtggtcctggccgacctgccg 
gcgggcctgccgtcggatctgctcgcgcgccggccggatatccgcgcggcggagcaccag 
ctgcaagccgccaacgccagcatcggcgcggcgcgcgcggcgttcttcccgcgcatcagc 
ctgaccggctcggccggcacggccagcgccagcctgggcggcctgttcgatgccgggtcg 
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qqggcctggagtttcgcgccgcagatcagcgtgccgatcttcgcgggcggggcgctgcgc 
iocagcctggacctggccaagatccagaaggacatcggcatcgcgcgctacgagcaggcc 
atccagagcgggttccgcgaggtctccgacgcgctggccggccgcggcacattgcaggag 
cagatccggtcgcaggaactgctggtgcaggccaaccagcgcgcctacgacctgtcgcag 
calcgttlccaicagggcatcgacaactatctcagcgtgctggattcgcagcgttcgctg 
talalggcgcagcagacgctggtcgagacgcggctggcgcgcctgtccaacctgatc^g 
ctctacaaggcgctgggcggcggctggtccgagcgcacggtggcggcggcgcaggccggc 

tga 

DLFGRIRSLSEQALQLYIAQDETRIATQLTLVAETMJAYPTIJlADQBMALraQ^ 

£tGSaStASASLCK3I.FDAGSGAWSFAPQISVPIFAGGALRASIJ3IJUCIQKDIGIA^^ 
IQS6PREVSDALAaRQTI.QEQIRSQELLVQMIQRAYDLSQQRYQQGIDNYI.SVLDSQRSI. 

YTAQQTIiVBTRIiARLSNLIQLYKALiGGGWSERTVAAAQAG 

SEO ID NO:67 polynucleotilde sequence of Orf34 

Atgaaacagcataaggtcggcaggcactgggcaggatgggcgatggcgctggcgtgcctg 

Ggcgcggccgcgccgctggcggcgcagccggcggcaccagctggggccgcgcaggcgcgc 

olactictgctggaggtcaagggccagcagccgttgcgcctggacgccgcgccatcgcgc 

gtggciatcgccgatccgcaggtcgccgacgtcaaggtgctggcgccoggcgtgggccgc 

ccglgcgaggtgctgctgatcggccggcaggccggcaccaccgagctgcgggtctggagc 

cgclgctcgcgcgacccgcaggtctggaccgtgcgcgtgctgccgcaagtgcaggccgcg 

ctggcgcggcgcggcgtcggcggcggcgcgcaggtcgacatggctggcgacagcggcgtg 

gtcaccggcatggcgccctcggccgaggcgcatcgcggcgcggccgaggctgcogcggcc 

gccgcgggcggcaacgacaaggtggtcgacatgtcgcagatcaacaccagcggcgtggtg 

caggtggaagtgaaagtggtcgagctggcgcgctcggtcatgaaggatgtcgggatcaat 

ttcagggccgacagcggcccgtggtcgggcggcgtgtcgctgctgccggacctggccagc 

ggcgglatgttcggcatgctgtcctataccagccgcgatttcagcgcgtcgctggcgctg 

ctgcaaaacaacggcatggcgcgcgtcctggccgagccgacgctgctggccatgtcgggc 

cagaqcgccagcttcctggccggcggcgagattccgattccggtatcggccggcctgggt 

acgacotcggtgcagttcaagcccttcggcatcggcctgacggtcacgcccacggtcatc 

tcgcgcgagcgcatcgcgctgaaggtggcgcccgaagccagcgagctggactacgccaac 

ggcatttccagcatcgacagcaacaatcgcatcacggtgatcccggcgttgcgaacccgc 

aaggccgacaccatggtggagctgggogatggcgagacattcgtcatcagcggcctggtt 

tcgcgccagaccaaggccagcgtcaacaaggtgccgctgttgggcgacctgcccatcatc 

ggggcgttcttccgcaacgtgcagtattcccaggaggatcgcgaattggtgatcgtggtc 

acgccicgcctggttcgccccatcgcgcgcggtgtcacgctgcccttgccgggcgcgcgc 

caigaggtcagcgacgctggcttcaacgcctggggctattacctgctgggtccgatgagc 

ggccagcagatgccgggcttttcacagtga 

VAIADPQVADVKVIJ^GVGRPGEVLLIGRQAaTTEIJlVWSRGSRDPQVWT\^VLPQVQi^ 

IJ^GVGGGAQVDmGDSGVVTGMAPSAEAHRGAAEAAAAAAGGNDK\n7DMSQXOT^ 

QVEVK\n7EIJ^SVMKDVGINFRADSGPWSGGVSLLPDIASGGMFGMLSYTSRDPSMIJ^ 

MimaMARVU^PTLIJmSGQSASFIAGGBIPIPVSAGI^TTSyQFKPFGTC^ 

SRERlALKVAPEASELDyANGISSIDSNNRITVIPALRTRKADTMVELGDGETFVlSGI.V 

SRQTKASVNKVPIJiGDLPIIQAFFRKVQYSQBDRBI.VIVVTPRLVRPIARGVTLPI.PGAR 

QEVSDAQFNAWaYYLLGPMSGQQMPGFSQ 

1 SEO ID NO:69 polynucleotide sequence of Orf35 

Atgaagcgacttctctgtctgtccctgctgtccgtattgctggcggcgtgcacgacccca 

Tcgcagattccgcccgagacggcgcccggcggcgtgccgccggcggccgaaggtccgctg 
Gtcgtgccgccgctgtcggcgctgtccgacaccccgccgcgcgcgctggccgggcgctac 
cagcgcgttgcctggaccgagctgcccaactgggagagcgacgacctgtcgcgctggtgg 



132 



VB60452 



ccgctgttcctgcgcaattgcaaaggcctgatgcggccgaccagcggtaacctggcggcg 
ccggcacgcgccacgccgcgcgcctggcagcccgtgtgcgcggcggcggtcgacccgtcc 
aaggcgccggccgccggcgacagcgcggcggtgcggcgcttcctgcagacctggctgcag 
ccctggcgcatcgccggcgccgacggccgtcccgccaccaataccgtcaccggctactac 
5 gagccgctggtgcgcggctcgcgccgccagggcggccgctaccagtggccgctgtatgcc 
gtgccggccgacctgctcgtcgtcgacctgggctcggtctatcccgacctgaccggcaag 
cgcgtgcgcggccggctcgacggccgccgggtcgtgccctacgacacgcgcgccgcgatc 
gaggcgggcgaccgcaagccgccggccatcgtctgggtggacgatccggtcgacaatttc 
ttcctgcaggtccaggggtcgggccgggtgcagctgaccgatggccccgaccgcggcacc 

10 acgatccgcgtcgcgtacgccgaccataacggccagccctatgcctccatcggccgctgg 
ctcatcgacaagggcgagctgcgcgccgaccaggcatcgatgcagaacatccgtgcctgg 
gcccaacgcaatccctcgcgcgtgcaggaaatgctcaacgccaacccggcggtggtcttc 
ttccgcgaagaggcggtggtcgatccggagcaagggcccaagggggcctatggcatcccg 
ttggcgccgcagcgctcgatcgcggtcgacgccggtttcgtgccgctgggcacgccggtc 

15 tacctgtcgaccacgctgccggcctccgaccggcccctgcagcgcaccgtgttcgcgcag 
gacaccggcacggccattcgcggcgcggcgcgcgccgacttctattggggctacggcgag 
gaagccggccagcaggccgggcgcatgaagcagcgcggccagatgtggctgctgtggccc 
aagcaggccggggagccgtcggcgcgatga 

20 SEQ ID NO:70 polypeptide sequence of OrOS 

MKRLLCLSLLSVLIiAACTTPSQIPPETAPGGVPPAAEGPLVVPPLSALSDTPPRAIA 
QRVAWTELPNWESDDLSRWWPLFIjRNCKGIiMRPTSGNIiA^ 
KAPAAGDSAAVRRFLQTWLQPWRIAGADGRPATNTVTGYYEPLWGSR^ 
VPADIjLVVDLGSVYPDLTGKRWGRIjDGRRVVPYDTRAAIEAGDRKPPAIVWVDDP^^ 
25 FLQVQGSGRVQIjTDGPDRGTTIRVAYADHNGQPYASIGRWIjIDKGEIiRADQASMQNIRAW 
AQRNPSRVQEMLNANPAVVFFREEAVVDPEQGPKGAYGIPIAPQRSIAVDAGFVPLGTPV 
YLSTTLPASDJ^PLQRTVFAQDTGTAIRGAARADFyWGYGEBAGQQAGRMKQRGQMWLLWP 

KQAGEPSAR 

30 SEQ ID NO:71 polynucleotide sequence of Or£36 

Atgttcaactgtcggcgattcctgcaaatcggcacgctgtcggccctgctggccggctgt 
Gccacctccagccaaacaccccaagcccagcatcttcccgcgcaggccgccacaggccag 
Gccgaccgcgtccgcatcggcccggacaaacccgtatcgagcgacgaaggccccgccacg 
ctgacgccgaccggcgaactgcggcccgacgtccgcgccttcgccgaacagctggcggcg 

35 cagcgcgagctgcccctgccgcaagtgctggccagcctggaaagcacgcgctacaacgcg 
accgtcgcccgcctcatcgccccgtccggcgcgtcgggcaagaaaatctggcgcagctgg 
ctgacctatcgcgggcgtttcgtcgaacccaagcgcatcgcctggggcgtggaattctgg 
aacgccaaccaggacctgctcaaccgcgccgcccagcgctacggcgtgccggcctcgatc 
atcgcctccatcatcggcgtggaaaccctgtatggccgcaacgtgggcaacttccgcgtg 

40 gtcgacgccctggcgacgctggcattcgactacctcgatcccgccaagcccgagcgcgcc 
gacatgttccgcggccagctcggcgacttcatcaccctggcgctgcaggacaagctggac 
cccgagacgcgcggctcgtacgccggcgccatcggcatgccgcaattcatgcccggcagc 
atcatgcgctatgcggtcgatggcgatgacgacggccacatcgacctgaccaacagcgtc 
gcggacgcggtcatgtcggtgggcaacttcctggtcgaacatggctggcagcgcggcctg 

45 ccggtgttcgcgccggtcgcgctgccggccgatccggcgccgctggtggccggcggcctt 
acgccgacgctggactggaacggcctgcaggccgccggcgcgcgcccggcggcgggcgcc 
ggacgcggcgcctggcaggagcaccccatgggcatcgtggacctggtcgaggaagcgcgc 
ggcaccgtgcaataccgtaccgccacgcccaatttctttgccctgacgcaatacaaccgc 
agctacttctatgccacggcggtggccgacctggcggccgaactgcaggcccgcacgggc 

50 tattga 

SEQ ID NO:72 polypeptide sequence of Orf36 

MFNCRRFLQIGTLSAIiLAGCTVTSSQTPQAQHLPAQAATGQADRVRIGPDKPVSSDEG 
LTPTGELRPDVRAFAEQIiAAQRELPIjPQVLASLESraYNATVARIilA^ 
55 LTYRGRFVEPKRI AWGVEFWNANQDLIiNRAAQRYGVPAS I IAS I IGVETLYGRNVGNFRV 
VDALATIiAFDYIjDPAKPERADMFRGQLGDPITIiALQDKLDPETRGSYAGM • 
IMRYAVIK3DDDGHIDLTNSVADAVMSVGNFLVEHGWQRGLPVPAPVAIiPADPAPIjYAGGIi 
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TPTICWNGWAAGARPAAGAGRGAWQBHPMGIVDLVEEARGTVQYRTATPNFFALTQYNR 
SYFYATAYADIiAAELQARTGY 

SEQn>NO:73 polynucleotide sequence of Orf37 ^„„„„^4.„„ 
Atgaaccatagactcatacgttgcctgagcatcgcgctgctggccctgctgtcgggctgc 

Agcattctctccgggtcgggcccgacgcgatcggccatcatggacggcgggtcgaccgac 

Gcgaccggcgccaagctcggctcctacgacctggtggacctgcgcgccgacaccattgcg 

ccctatgtgctggtcaaggcggtgtccaaggatggcgccacctcggacggctacgtgggc 

aatatgcgcgtSatgccgggcgatgtgctgcgcatcctggtagccgacagcatggagacc 

ggact|ttcgc|ccgctggccgccggcggcacggtgttcgaagccgtgcgggtcgcggcc 

gacggcagcatctcgctgccctatgcgggccgcctgaaagtgcagggcaagtcgctggcg 

lagalcgagcagctcgtcaagggcagcctgcgcaataccgcggcggtgcagccgcaggcc 

atggtggatctggccgacgaccgctccaattcggtgctggtggccggggcggtgccgcgc 

cclSgacgcttcggcggcaacaagggcccgctgacggcgctggatgcgatcacgcaggcg 

gg?l|cSlgaccltgllggcttaccaggccgacgtagtgatccggactggcagcaaggtg^ 

?lgl|cattccttaccagcaattgctcaacggccgcaacgtggcggtggagccgcgctcc 

aaactggtggtcgaaccgaacctgaagcgtttcgtggcgatgggggcccttaccaagccg 

aacctgcacgaactgccgtcgaaccagaccaatctgctcgacgccctgggcgtggccgga 

ScctSaaclaccgcgcggccgacgccaccggggtattcgtttttcgcotggacggcegc 

llcgccgatggccgcccgcggcccacggtgttcaggctgaatatgcgcaatccggagtcc 

atgltcctgiccaagcaattcgagctgctgccggaggacgtggtgtatgtcagtaatgcg 

cccatgtacgaatgggaaaagatcattacgcctatcgtgcaggtcctgatcgtgggccaa 

cgcgtgggtacttactaa 

PYVtVKAVSKDGATSDGYVGNmVMPGDVLRILVADSMBTGLPAPL^ 

DGSISLPYAGRLKVQGKSIAQIEQLVKGSLROTAAVQPQAMVDIJUJDRSNSVLV^^ 

?SS^S?SSSlTQAaGSTLPAYQi^VVIRTGSKVQRIPYQQr^G^>«^ 

EL^^PNI^RFVAMGALTKPGIJJELPSNQTNLIJJALQVAGGIJroRAMA^^ 

NADGRPRFrVFRI.NMRNPESMFIJ^FEIAPBDVVYVSNAPMYi^ 

RVGTY 

SEQ ID NO:75 polynucleotide sequence of Orf38 

Atgcaacgtctcatgcccatcctggtcggactgctcgtcgtcctggccgtcctgtcttca 

Tglgtcttcgtggtccgcgagcgcgactacgccctggtgttctcgctgggcgaggtgcgc 

ciggtcatclglgagcctggcctgtatttcaaggcgccgccgccgttccagaacgtcgtc 

aciltggacaagcgcatcctcaccatcgagtccagcgatgccgagcgcatccagacctcc 

gagaagaagaacctgctgatcgactcgtacgtcaagtggcgcatcgccgatccgcgcctg 

tactacgtgaccttcggcggcaacgagcgcgccgcccaggagcgtctgcaggcgcagatc 

cgcgacgcgctgaacgcggcggtcaacgtgcgcacggtcaaggacgtggtctcggccgag 

cgtgacaaggtcatggccgaaatcctcaccaacgtcgtcaagcgcgccgagccgctgggc 

gEgcaggtggtcgacgtgcgcctgcgccgcatcgagttcgcgcccgagatttccgagtcg 

Stctatcgccgcatggaagccgagcgcacccgcgtggccaacgagctgcgttcgatcggc 

gcggccgaaagcgagaagatccgcgccgaggccgaccgccagcgcgaggtcatcgtggcc 

caiiectatgcgcgcgcccagggcatcatgggcgagggcgacgcccaggccggcagcatc 

tacocccaggccttcggccgcaataccgagttctacacctattacaagagcctggaagcc 

tatcgcgccgcgttcggcaaaaccggtgacgtattggtggtcgatccgacgtcggagttc 

ttcclgttcttcaagaaccccggcaagggcgcggcgggcgccccggcaccggcgaattga 

g^TTr'^'Tgfigr.&RPTnTHBKKMIJilDSYVKWRIADPRIiYYVTFGGNER^ 
RDAIJIIAAVNWTVKDWSAERDKVMAEIIiTimaaiAEPIiGVQV^ 
; VYRSMEABRTRVWJBl^IGAABSEKIRAEADRQREVIVAQAYARAQG 

YAQAPGRiraEPYTYYKSLEAYRAAFGIOTGDVLVVDPTSBFFQPFKNPGKGAAGAPAPAN 

SEQ ID NO:77 polynudeotf de sequence of OrG9 
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Ttgcccagggaggcaaccatgaaacccgtcatccagactttcctgcgcgccgccgccgtg 
Gccggcctggcgctgctggccggctgcgccggcgtcagcacgacgcagtccggcgcgatc 
Ggcgtggaccgcacccaatacatgtcgagcctggtgcccgagcaggcgctggtgcaggag 
gccgggcagcagtatgccgagatcgtccaggaggcccgcgccaaggggctgcttgaccgc 
5 gacccggcgcaattgtcgcgcgtgcgcgccatttcccagcgcctgatcgcgcagaccggg 
gtgtttcgcgccgacgcggccaactggccatgggaagtgcatgtgctgtcggtcgacgag 
gtcaacgcctggtgcatgcccggcggcaagattgccgtctacacgggcctgctcgcccat 
atcaagccgaccgacgacgaactggcggcggtgctgggccacgagatcgcgcatgcgttg 
cgcgagcacgcgcgcgagcgcgtctcgcagcagatggcgaccagcatcggcctgtcggtg 
10 ctgtccatggccaccggttcgcccggcgcgtccgacctgggcggcaagctgaccgaagtc 
atgttcaccttgcccaacagccgcacgcacgagaccgaggccgatcgcatgggcgtcgaa 
ctggccgcgcgcgccggtttcgatccgcgcgccgccgtcacgctgtggcagaaaatgggc 
gcggccgacggcaatgcgccgccggagttcctgtccacccacccgtcggccagtacccgc 
atcggcgaattgcagcaggccttgcagaaggtattgccgctgtacgagcaggcgcgcggc 

15 caggccgccaaatag 

S£Q ID NO:78 polypeptide sequence of Oii39 

LPREATMKPVIQTFIiRAAAVAGLAIiIiAGCMVSTTQSGAIG^ 
AGQQYAEIVQEARAKGLIiDRDPAQLSRVIUlISQRLIAQTGVFRADAA^ 
20 WAWCMPGGKIAVYTGIiIiAHIKPTDDElJ^VLGHEIM^ 

IiSMATGSPGASDLGGKLTEVMFTLPNSRTHETEADRMGVE^^ 
AADGNAPPEFLSTHPSASTRIGEIiQQALQKVLPLYEQARGQAAK 

SEQ ID NO:79 polynacleotide sequence of Orf40 

25 Gtgactcaccgtcccgctgcactctcgaagcccgcctcccgccgcggggtggccctgcgc 
Gcggcgatcgcgctgtcaaccattctgatcgtggccggctgcggctcgtcaagcaccaaa 
Tacgacaagaccgcgggctggagcgccgaacagttgtacgccgacgccaagcaggaagtc 
gcggcgggcaactggaccgatgcccgggagcgcctgaccgccatcgaaagccgctacccg 
ttcggcacgtacgcccagcaggccctgatcgaactggcttacgtcaactggaaagacggc 

30 gagaacgaacaggcgctggccgccatcgaccgcttccagcagctctatcccaaccacccg 
ggcacggactacgtgctgtacctgaaggggctggtcaacttcacgccggccagcgccttc 
atgagcaacctgaccggccaggaccccgccgagcgcgatcccaagggcctgcgcgcgtcc 
tacgatgcgttcaacgaactggtccagcgcttccccaacagcaagtacacgcccgatgcg 
cagaagcgcatgacctggctggtcaacgccatcgccatgaacgaagtccacgtggcgcgc 

35 tactactacgagcggggcgcctacgtggcggccgccaaccgggcgcagaccgtgatcacc 
gatttcgagggggcccccgcctcggaagaagcgctctatatcatggtcgagtcgtatgac 
aagctgggaatgaccgaactgaagggcgacgccgaacgcgtgctcgaccagaactatccc 
aacagcaaattcaagacgcaaggcctgtcggccgacaagagctggtggaacccgttctcg 

tggcgctga 

40 

SEQ ID NO:80 polypeptide sequence of Orf40 

VTHRPAAIiSKPASRRGVAIiRAAIAIiSTILIVAGCGSSSTKyDKTAGWSAEQL^ 
AAGNWTDARBMiTAIESRYPFGTYAQQAIiIEIAYVNWKDGENEQAIiAAIDRFQQLyP^^ 
GTDYVLYLKGLVNFTPASAFMSNIiTGQDPAERDPKGLRASYDAFNELVQRFPNSK^ 
45 QKRMTWLVXaAIAMimVHVARyYYERGAYVAAANRAQW 

KliGMTELKGDAERVUDQNYPNSKFKTQGLSADKSWWNPFSWR 

SEQ ID NO:81 polynucleotide sequence of Orf41 

Ttgcccccacaggttgaccttgccatgacgaagcactctgccgctcgaatcgccaccatc 
50 Gccgccgcaggcgtcctgctggccggctgcgcagcgcccaagaaccccgatccgcgcgat 
Ccctgggaaggcttcaaccggggcgtctacaagttcaacgacacggtcgaccgcgcgctg 
. ttcaagccggtggcccaggcctataccttcgtcaccccgcagccggtgcgcagctgcgtg 
cacaatatgttcagcaacgtgggcgacctgtggtcggccaccaacagcttcctgcaaggc 
cgcgggcacgatttcgtcaacacgatcggccgcttcctgttcaataccaccatggggatc 
55 ggcggctgcttcgacgtcgcgtcgaccaccggggcgcgcaagatccccaacgacttcggc 
gtgacgctgggcgtctggggcttcggccagggaccgtacctggtgctgccgatctggggc 
gccagcagcctgcgcgacggcgt cy y cctga t cg g cga ctggaccggcaaceac^ggcgcg 
accatcggcgcgatcgacaacgtgccgctgcgcaactcgctgtggggcctggaggccgtc 
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gacctgcgcgccagcctgctcgataccaccgacaccgtggaccgcgtggcgctggatccc 
tacagcttcgtgcgcgacgcctacctgcagcgccgcgccgccatggtgcgcggcaccaag 
acgggcgacgacacgctgcccacctatgaagacgagggcgatgacgacgcggcccccgcc 
gcgccggccgcccagccggccgcccagccgcagtaa 

SEQ ID NO:82 polypeptide sequence of Orf41 

LPPQVDIi7U4TKHSAARIATIAAAGVLIiAGCAAPKNPDPRDPWEGFim 
FKPVAQAYTFVTPQPVRSCVHNMFSNVGDIiWSATNSFIiQGRGHDF^^ 
GGCFDVASTTGARKIPNDFGVTIiGWGFGQGPYIjVLPIWGASSIjRD 
10 TIGAIDNVPLMISLWGIiEAVDLRASLLDTTDTVDRVAIjD 
TGDDTLPTYEDEGDDDAAPAAPAAQPAAQPQ 

SEQ ID NO:83 polynucleotide sequence of Orf42 

Atggcaacaaagtgcctgctccaggggagttttccggatgccagcccgataatgccggca 
15 Atgcgtagtggcgccgcatgggtgctggaagggaggtttatgcggtttggatggggattg 
Ccggcgctggccgtcgtgcttgcgctggccggatgcgtgaatcgcgagccagaggagcgc 
gcggccttcatcgcgtatctggaacaagtggccgcgccgcaggcgggcgtcgtggccgcg 
ccgcccgacccgcccacgcgcaaggccctgggcgactacgaggcgcagtacgagccgatg 
gaagcggcgcacgccgccgtgcgcgaagcgttggcggcgcagcaggcggcgctgcaggcg 
20 ctgcggctgcattcggtcgacgagatcgtcgcacgccaggacggctgggacaggctggcc 
gagcgcctggcggccgcgcgcaccgggctcgaacaggcgcgcgccgccgccgacgccgcg 
cgcgccgggatggagcagcctcccgacctgcgcaacgcctacgcgcgcgcctatgaacac 
agcgtcacggcgccggcacaggccttggcgcggatatccggcctgctcgaacccgccgtg 
gaggatgcgcggcgcgtggccgggttcgttgcgcgccatcgcgatcaggtcgataccgat 
25 ggtccgctgacccaggtgcgcgatccctcggtgcgcagcgagctcaatgtactgctgcag 
gcgctcaatggccgctccgaccaggtttcgcaggcgcaggccttgctcaatggcctggcg 
ggaccggctcgccaggcgccctga 

SEQ ID NO:84 polypeptide sequence of Orf42 

30 MATKCLLQGSFPDASPIMPAMRSGAAWVLEGRFlVniFGWGLPALAVVIJ^ 

AAFIAYIiEQVAAPQAGVVAAPPDPPTRKALGDYEAQYEPMEAAHAAVREAIiAAQQi^ 
LRIiHSVDEIVARQDQWDRIiAERIiAAARTGIiEQARAAADAARAGMEQPPDLiam 
SVTAPAQAIiARISGLIiEPAVEDARRVAGFVARHRDQVDTDGPLTQVRDPSVI^ 
AIiNGRSDQVSQAQALLNGIiAGPARQAP 

35 

SEQ ID NO:85 polynucleotide sequence of Orf43 

Gtgatgctgaagaccgtattgcgcctgccggtctgcgccgcgctgctggcgctggccgcg 
Ggctgcgcgatgattccgcccgaaccggtggtgatctgtccgctgaccgcgccgcctccg 
Tcgccgccgcaaccctcggcgcggcccaacggctcgatctaccagccttcggcctacggc 

40 aactatccgctgttcgaggaccgccggccgcgcaacgtgggcgacatcgtcaccatcgtg 
ctggaggaaaagaccaacgccgccaagggcgtggccaccaataccagccgcgacggctcg 
gccacgctgggcgtggcggccgcgccgcgcttcatggacggcatcatcaacgacaagctg 
gataccgatatctcgggcggcaataccgccaacggcaccggcaagagcagcgccaacaac 
accttcaccggcaccatcacgaccaccgtgatcggggtgctgcccaacggcaatctgcag 

45 atcgccggcgagaagcagatcgccatcaaccgcggcagcgagtacgtgcgcttctcgggc 
gtggtcgacccgcgatcgatcaccggcagcaatacggtgtcgtcgacccgggtggccgac 
gcgcgcatcgaataccgcagcaagggcgtcatggacgaagtccagaccatgggctggctg 
caacgctttttcctgatcgcttcgccgttctga 

50 SEQ ID NO:86 polypeptide sequence of Orf43 

VMIiKWLRLPVCAALIiALAAGCAMIPP 

NYPIiFEDRRPRNVGDIVTIVLEEKTNAAKGVATNTSRDGS ATLGVAAAPRFMDGI INDKL 

DTDISGGNTANGTGKSSANNTFTGTITTTVIGVLPNG3SrLQIAGEKQ3^ 

VVDPRSITGSNWSSTRVADARIEYRSKGVMDEVQTMGWLQRFFLIASPF 

55 

^Q-!D NCh87 polynucleotide sequence of Orf44 

Atgaagtcgtccctgtatcgaatcgcagcgctcagcgccgctgccctgttgctggccggc 
Tgcgcca accagcgcgctccgaaggagtcgggcttcctcggcgattactcgcagttgcgc 
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Gaggagcaggtgcccggcggcgcgcggctgatctaccgcgacgccgcgctcaagccgcgc 
cagtacaccgccatgtggctgtcgccggtcgagtactaccccagcccgcaaccgtcggcg 
caggtgtcgatggaaacgctgaccgaactgcagaactacctggaccagtcgctgcgccgc 
aagatcggccgcgagatccgcctggtcaacggccccggcccgggcgtggccaaggcgcgc 
5 atcgcgatcacagcggtcggcagcgaaagcgaggcgctggcggcctaccagtacatcccc 
gtggcgctggccgtcaccggcgccagggccgtgctggaaggcggccggccgcagcaggcc 
accatcgcgatcgaaagcaaggtcaccgacagccagacgggccagctgctgtgggcgtcg 
gtgcgcgggggcaccggcgagcgcgtacgcgccatcgcccagggccaggcctcggtgccg 
gcctcggcgctcaagccgctgatcgacgaatggaccgataacgtcgcacgtgaaatacgc 
10 aactacgtgcgcagcaaataa 

SEQ ID NO:88 polypeptide sequence of Orf44 

MKSSLYRIAAIiSAAAIiIiIiAGCANQRAPKESGFLGDYSQXiREEQVPGGA^ 
QYTAMWLSPVEYYPSPQPSAQVSMETLTELQNYIiDQSIiRRKIGREIRIiWGP 
1 5 lAITAVGSESEALAAYQYIPVAIiAWGARAVIiEGGRPQQATIAIESKVTDSQTGQIiLWM 
VRGGTGERVRAIAQGQASVPASAIiKPLIDEWTDNVAREIiamnElSK 

SEQ ID NO:89 polynucleotide sequence of Orf4S 

Gtgaaccaacgtggggcccttttacccgttaacacgtgtgactctctttgcaaaggaact 
20 Atcatgaagtcgcgcattgccaaaagcctaaccatagctgcgctggccgccacgctggca 
Gcctgcagttccgtccctctcgacgacaaggcaggtcaagctggaggctccggccagggt 
tcggcctccggccagatcctggatcccttcaacccgcaaagcattctggcgcaacagcgc 
tcggtgtactttgacttcgacagctatacggtgtcggaacagtatcgcggcctggtcgaa 
acccacgcccgctacctggcttcgaacaaccagcagcgcatcaagatcgaaggcaatacc 
25 gacgaacgcggcggcgccgagtacaacctcgcactgggccaacgccgtgccgacgctgtc 
cgtcgcatgatgaccctgctgggtgtgtcggacaaccagatcgaaaccattagtttcggc 
aaggaaaagccgaaggcgacgggttcgagcgaggctgatttcgccgagaaccgccgcgcc 
gatatcgtttatcagcgctaa 

30 SEQ ED NO:90 polypeptide sequence of Orf45 

WQRGAIiLPVNTODSLCKGTIMKSRIAKSLTIAAIiAATLAACSSVPI^ 
SASGQILDPFNPQSILAQQRSVYFDFDSYTVSEQYRGLVETHARYIiASNNQQRIKIE^^ 
DERGGAEYNIiAIiGQRRADAVRRMMTia^GVSDNQXETISFGKEKPKATGSSEADFA 
DIVYQR 

35 

SEQ ID NO:91 polynucleotide sequence of Orf46 

Gtgtccatgatcgcacgtatttccctgcggcctctgaaggggctcgcggtggctgtcctg 
Gcagcctccgccctgaccgcctgctcgtccggcaaatggggattcccctacaaggccggc 
Gtccagcaaggcaactggatcaccaaagagcaggtcgccctgctgcagcaaggcatgtcg 

40 cgcgaacaggtgcgcttcgccctgggcagccccacgctgaccagcgtgctgcacgccgat 
cgctgggattacccctactacttcaagcccggctacggcaaggcgcaggaacgccagttc 
accgtgtggttcgagaacgaccacctggtacgctggagcggggatgaacagcccgacctc 
cagccgttccagatcgagaaagtgaacgccaaacaggaagaaaaagccgacgcccaggtg 
gatacggccgagaagcgccaggaaggcatcgacaaggctgaaaaagtccggccccatgtc 

45 gatgtcacgacgccggacaaccccaccctcgactacccgggcgagccgggccaaaccttc 
gaaccgctcaagtaa 

SEQ ID NO:92 polypeptide sequence of Orf46 

VSMIARISLRPLKGIJWAVIiAASAIiTACSSGKWGFPYKAGVMGNWITKEQV^ 
50 REQVRFALQSPTLTSVIiHADRWDYPYyFKPGYGKAQERQPTVWFENDHIiWWS 
QPFQIEKVNAKQEBKADAQVDTAEKRQEGIDKAEICv'RS^^VTTPDNPTIJ^ 
EPIiK 

SEQ ID NO:93 polynucleotide sequence of Orf47 

55 Atggcgacccatcctgtcgggccaacgttgctggcggcgctgacgctgcttgccgcctgc 
Agcggttccatggcgcaagagccgccctacaagagcacgatactgggcttgcaggcgacc 
Atcctggacctgaagggcttgccgtccgacaccgacggcggcatatcggacctgagcgcc 
caagtgggtgcgctggccgcgcgccatgaaggcgtgtcggtacggcagggcaaggatgcc 
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gtcaccatcgccatgatgggcgacgtactcttcgatttcgacaaggccgacatactcgcc 
gcggccgaacccactctgcgggacatcgcggagctgatcaaatcccccgccaccggcatc 
gtcgccattgaaggtcacacggactccaagggctcggattcctataacaagggcctgtca 
ttgcgacgggcccaggccgttgcgcagtggctgggcgctcacggggtggatgcagcgaaa 
ctgtcggtcaggggcctgggggctgccaggcccgtacagcccaaccagctagctgtgaag 

attcaatag 

SEOHrNO:94 polypeptide sequence of Orf47 

mTHPVGPTIiIiAALTLIiAACSGSMAQEPPYKSTIIiGLQATILDLKGLPSDTO 

QVGAIiAARHEGVSVRQGKDAVTIiyyiMGDVIjPDFDKADILAAAEPTI^ 

VAIEOTTDSKGSDSYNKGLSIiRRAQAVAQWIiGAHGVDAAKLSVRGIi^^ 

IQ 

SEQ ID NO:95 polynucleotide sequence of Orf48 

Atgaactatatgcattccccctctgtagttgccgggcgcgcccgccgcctgctggcggta 
Qcggcggttgccggctcggtggccgttctggccggctgcgccaatcccagcgcatcgagt 
Ggggtgtacacgtacggccaggcgcagcgcgagcagatcgtgcgcaccggcacggtcacc 
ggcgtgcgtccgattaccatccagaacgacaagtccagcggcgtcggcttggtggccggt 
ggcgcgctgggcggggtagcgggcaatgccgtcggcggcggcaccggccgcaccatcgcc 
acggtgggcggcgtcatcctcggcgcgctggcgggcaacgccatcgagaaccgcgcgggc 
aagtcctccggctacgaaatcacggtgcgcctggacaacggcgaaacccgggtcgtggcg 
caggaagccgacgtgcccatcagcgtgggccagcgcgtgcaggtcatcagcggcgcgggc 

ccgacccgcgtgacaccgtattga 

SEQ ID NO:96 polypeptide sequence of Orf48 

MNYMHSPSVVAGRAIUa-LAVA^^ 

GWPITIQIJTOKSSGVGIiVAGGAIjGGVA^AVGGGTGRTIAWGGVILGAIAGNAIE^ 
KSSGYEITVRIiDNGETRWAQEADVPISVGQRVQVISGAGPTRVTPY 

SEQ ID NO:97 polynucleotide sequence of Orf49 

Ttggcgttgatcagcaaaaaggagcgcatcttgaaaaccctgctacccgtattggcgctt 
Gccgccctgctgtcggcctgcaacgcgaacgccccctcggatacgcccgagggcgcgccg 
Ccgcccgatacgcatacctcgcgcaattcgctggactggcaaggcacgtaccagggcgtg 
ctgccgtgcgccgactgccccggcatccgcacggtgctgaccctgcgcgccgacaacacc 
taccagttgcagacccagtacctggagcgccagccccgcccggacacggtgcaaggcaga 
ttcggctggctgacgggcgacaacgccatcgagctcgacagcgccggcgatcactaccgt 
taccaggtcggcgaaaaccggctgaccatgatgtcgcaagacggcaccctgcccagcggc 
ccgttggccgagcactacgtgctcaagcgcagccagtga 

SEQ ID NO:98 polypeptide sequence of Orf49 

LALISKKERIIiKTLLPVLAIAAIJCiSACa^ 

IiPCADCPGIRTVLTLRADNTYQLQTQYLERQPRPDTVQGRFGWLTOTNAIEIjDS 
YQVGENRLTMMSQDGTIiPSGPIiAEHYVIjKRSQ 
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CLAIMS: 

1. An immunogenic composition comprising a polypeptide comprising an amino acid 
sequence which has-at least 85% identity to an amino acid sequence selected firom the 
group consisting of SEQ Group 2 , over the entire length of said sequence fit>m SEQ 
Groiq) 2, or an immunogenic fragment thereof and a pharmacuetically acceptable 
excipient . 

2. The immunogenic composition as claimed in claim 1 in which the polypeptide 
comprises an amino acid sequence which has at least 95% identity to an amino acid 
sequence selected from the group consisting of SEQ Group 2, over the entire length of 
said sequence from SEQ Group 2, or an immunogenic fragment tiiereof 

3. The immunogenic composition as claimed in claim 1 in which the polypeptide 
comprises an amino acid sequence selected from the group consisting of SEQ Group 
2, or an immunogenic fragment thereof. . 

4. The immunogenic composition of claims 1-3 in which the polypeptide comprises an 
amino acid sequence which is an immunogenic fragment of the polypeptide of SEQ 
Groiqp 2 in which the immunogenic activity of said immunogenic fragment is 
substantially the same as the polypeptide of SEQ Group 2 . 

5. The immunogenic composition as claimed in any of claims 1 to 4 wherein said 
polypeptide is part of a larger frision protein. 

6. An immunogenic composition comprisinjg a polynucleotide comprising a nucleotide 
sequence having at least 85% identity to the nucleotide sequence of SEQ Group 1, 
over the entire length of said sequence from SEQ Group 1 and a pharmaceutically 
acceptable excipient. 
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7. The Wnunogemc composition of claim 6 wherein the polyauc^ 

nucleotide sequence having at least 95% identity to the nucleotide sequence of SEQ 
Group 1, over the entire length of said sequence from SEQ Group 1. 

5 8. The inmiimogenic composition of claim 6 or 7 whwein the polynucleotide comprises 
a nucleotide sequence having the sequence of any polynucleotide selected from the 
group consisting of SEQ Group 1. 

9. An immunogenic composition comprising a polynucleotide encoding a polypeptide 
10 comprising an amino acid sequence which has at least 85% identity to an amino acid 
sequence selected from the group consisting of SEQ Group 2, over the entire length of 
said sequence from SEQ Groiq) 2 or an rmmunogenic fragment thereof, and a 
phaimaceutically acceptable excipient. 

15 10. The itnmunogenic composition of claim 9 wherein the polynucleotide encodes a 

polypeptide comprising an amino acid sequence selected from the group consisting of 
SEQ Group 2, or an immunogenic fragment thereof. 

1 1. An immunogenic composition comprising at least or exactly two, three, four, five, 
20 six, seven, eight, nine or ten different Bordetella, preferably B. pertussis antigens 

wherein tiie antigens are selected from at least two, three, four or five groups of 
proteins selected from the following: 

a) at least one Bordetella iron acquisition protein selected from the group consisting of 
25 a polypeptide sharing at least 70%, 80%, 90%, 95%, 97%, 98%, 99% or 100% 

identity withSEQ ID 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, or 28, or an 
antigenic fragment thereof; 

b) at least one Bordetella autotransporter protein selected from the group consisting of 
pertactin, BipA, a polypeptide diaring at least 70%, 80%, 90%, 95%, 97%, 98%, 
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99% or 100% ideatity with SEQ ID 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52, or 
54, or an antigenic fragment thereof preferably the passenger domain thereof; 

c) at least one Bordetella lipoprotem selected from tiie groiq) consisting of a 
polypeptide sharing at least 70%, 80%, 90%, 95%, 97%, 98%, 99% or 100% 
identity with SEQ ID 56, 58, 60, 62, 64, 66, 68, 70, 72, 74, 76, 78, 80, 82, 84, 86, 
88, 90, 92, 94, 96, or 98 or an antigenic fragment thereof; 

d) at least one Bordetella adhesin selected from the group consisting of FHA, fimbriae 
2 and/or 3, pertactin and BrkA or an antigenic fragment thereof; and 

e) at least one Bordetella toxin/invasin or antigens involved in toxin/invasin secretion 
selected from the group consisting of pertussis toxin, adenylate cyclase, 
demionecrotic toxin (Dnt), Type in ss or lipopolysaccharide or an antigenic 
fragment thereof, 

wherein the Bordetella antigens in the immunogenic composition do not consist of any 
combination of 2, 3, 4 or all 5 of pertactin, fibriae 2, fimbrae 3, FHA and pertussis 
toxin. 

12. The immunogenic composition of claim 1 1 comprising one or more Bordetella iron 
acquisition protein selected from the group consisting of the polypeptides sharing at 
least 70%, 80%, 90%, 95%, 97%, 98%, 99% or 100% identity with SEQ ID 2, 4, 6, 
8, 10, 12, 14, 16, 18, 20, 22, 24, 26 or 28, or an antigenic fragment thereof 

13. The immunogenic composition of claim 12 wherein flie Bordetella iron acquisition 
protein is BhuR or an antigenic fragment therraf. 

14. The immvmogaiic composition of claim 11-13 comprising a Bordetella 
autotransporter protein selected from the group consisting of pertactin, BipA and a 
polypeptide sharing at least 70%, 80%, 90%, 95%, 97%, 98%, 99% identity with 
SEQ ID 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52, or 54, or an antigenic 
fragmmt, preferably the passenger domain, thereof. 
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15. The immunogenic composition of claim 14 wherein the Bordetella autotransporter 
protein is Bip A, or an antigenic fragment, preferably liie passenger domain thereof. 

16. The immunogenic composition of claim 14 or 15 wherem the Bordetella 

5 autotransporter protein is pertactin, or an antigenic fragjnent, preferably the 
passenger domain thereof. 

17. The immunogaiic composition of claim 14-16 wherein the Bordetella 
autotransporter protein is BikA, or an antigenic fragment, preferably the passenger 

10 domain thoieof. 

18. The immunogenic composition of claim 14-17 wheidn flie Bordetella 
autotransporter protem is TcfA, or an antigenic fragment, preferably the passenger 
domain thereof. 

15 

19. The mmiunogenic composition of claim 14-18 wherein the Bordetella 
autotransporter protem is BapA, or an antigenic fragment, preferably the passenger 
domain thereof. 

20 20. The immunogenic composition of claim 14-19 wherran the Bordetella 

autotransporter protein is BapB, or an antigenic fragment, preferably the passenger 
domain thereof. 

21. The immunogenic composition of claim 14-20 wherein the Bordetella 

25 autotransporter protein is B^C, or an antigenic fragment, preferably the passenger 
d(Mxiaintiiereo£ 

22. The immunogenic composition of claim 14-21 wfaeii^ the Bordetella 
aatotransp<Ht«^ protein is Y^E, or an antigenic fragment, preferably the passenger 

30 domain tiiereof. 
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23 . The immunogCTic composition of claims 1 1 -22 comprising a Bordetella lipoprotein 
selected &om the group consisting of BipA, the polypeptide sharing at least 70%, 
80%, 90%, 95%, 97%, 98%, 99% identity with SEQ ID 56, 58, 60, 62, 64, 66, 68, 
5 70, 72, 74, 76, 78, 80, 82, 84, 86, 88, 90, 92, 94, 96 or 98 or an antigenic fragment 
tiiereof. 



24. The immxmogenic composition of claim 23 wherein the Bordetella lipoprotein is 
MltA or an antigenic fragment thereof. 

10 

25. The immmiogenic composition of claim 23-24 wherein the Bordetella lipoprotein is 
MltB or an antigenic fragment thereof. 

26. The immunogenic composition of claim 23-25 wherein the Bordetella lipoprotein is 
15 VacJ or an antigenic fragment thereof. 



27. The immunogenic composition of claim 23-26 wherein the Bordetella lipoprotein is 
QmlA or an antigenic fragment thereof. 

20 28. The immunogenic composition of claim 23-27 wherein the Bordetella lipoprotein is 
Pep or an antigenic fragment thereof. 

29. The immunogenic composition of claims 11-28 comprising a Bordetella adhesin 
selected from the group consisting of FHA, fimbriae, pertactin and BrkA or an 

25 antigenic fragment tiiereof. 

30. The immimogenic composition of claim 29 wherdn the Bordetella adhesin is FHA 
or an antig^c fragment thereof. 
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31. The immunogenic composition of claim 29-30 wherein the Bordetella adhesm is 
Fimbriae 2 and/or 3 or an antigenic firagment thereof. 

32. The immunogenic composition of claims 11-31 comprising a Bordetella 

5 toxin/invasin or antigens involved in toxin/invasin secretion selected fix)m the groiq) 
consisting of pertussis toxin, adenylate cyclase, dermoneax>tic toxin (Dat), Type III 
ss or lipopolysaccharide or an antigenic fragment thereof. 

33. The immunogenic composition of claim 32 wherein the BordeteUa toxin/invasin or 
10 antigen mvolved in toxin/invasin secretion is pertussis toxin or an antigenic 

fragment thereof. 

34. The immunogenic composition of claim 32-33 wherein the Bordetella toxin/invasin 
or antigen involved in toxin/invasm secretion is Type IE ss or an antigenic fragment 

15 thereof 

35. The immunogenic composition of claim 32-34 wherein the Bordetella toxin/invasin 
or antigen involved in toxin/invasin secretion is LPS or an antigenic fragment 
thereof. 

20 

36. The immunogenic composition of claim 11-35 comprismg a) EHA, b) pertussis 
toxin and c) BrkA or a protein sharing at least 70, 80, 90, 95, 97, 98, 99 or 100% 
identity with SEQ ID 34, or an antigenic fragment thereof; preferably further 
comprising d) pertactin. 

25 

37. The immunogenic composition of claim 1 1-36 comprising a) FHA, b) pertussis 
toxin and c) BhuR or aprotein sharing at least 70, 80, 90. 95, 97, 98, 99 or 100% 
identity with SEQ ID 20, or an antigenic fragmait thereof, preferably further 
comprising d) pertactin. 

30 
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38. The immunogenic composition of claim 11-37 comprising a) FHA, b) pertussis 
toxin and c) B^A or a protein sharing at least 70, 80, 90, 95, 97, 98, 99 or 100% 
identity with SEQ ID 40, or an antigenic fragment thereof, preferably further 
comprising d) pertactin. 

5 

39. The immunogenic composition of claim 1 1-38 comprising a) FHA, b) pertussis 
toxin and c) B^B or a protein sharing at least 70, 80, 90, 95, 97, 98, 99 or 100% 
identity with SEQ ID 42, or an antigenic fragment thereof, preferably frulher 
comprising d) pertactin. 

10 

40. The immunogenic composition of claim 1 1-39 cornprising a) FHA, b) pertussis 
toxin and c) BdspC or a protein sharing at least 70, 80, 90, 95, 97, 98, 99 or 100% 
identity with SEQ ID 44, or an antigenic fragment thereof preferably frurther 
comprising d) pertactin. 

15 

41. The immunogenic composition of claim 1 1-40 comprising a) FHA, b) pertussis 
toxin and c) YapE or a protein sharing at least 70, 80, 90, 95, 97, 98, 99 or 100% 
identity with SEQ ID 52, or an antigenic fragment thereof, preferably frirther 
comprising d) pertactin. 

20 

42. The immunogenic composition of claim 1 1-41 comprising a) FHA, b) pertussis 
toxin and c) VacJ or a protein sharing at least 70, 80, 90, 95, 97, 98, 99 or 100% 
identity with SEQ ID 82, or an antigenic fragment thereof^ preferably frirther 
comprising d) pertactin. 

25 

43. The immimogenic composition of claim 1 1-42 comprising a) FHA, b) pertussis 
toxin and c) OmlA or a protein sharing at least 70, 80, 90, 95, 97, 98, 99 or 100% 
identity with SEQ ID 92, or an antigenic fragment thereof, preferably frirther 
comprising d) pertactin. 

30 
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44. The immunogenic composition of claim 1 1-43 comprising a) FHA, b) pertussis 
toxin and c) Pep or a protein sharing at least 70, 80, 90, 95, 97, 98, 99 or 100% 
identity with SEQ ID 96, or an antigenic fragment thereof prefCTably further 
comprising d) pertactin. 

45. The immunogenic composition of claim 1 1-44 comprising a) FHA, b) pertussis 
toxin and c) MltA or a protein sharing at least 70, 80, 90, 95, 97, 98, 99 or 100% 
identity with SEQ ID 70, or an antigenic fragment thereof, preferably ftuliier 
comprising d) pertactin. 

46. The immunogenic composition of claim 1 1-46 comprising a) FHA, b) pertussis 
toxin and c) MltB or a protein sharing at least 70, 80, 90, 95, 97, 98, 99 or 100% 
identity with SEQ ID 72, or an antigenic fragment therepl^ preferably ftuHier 
comprising d) p^tactin. 

47. The immimogenic composition of claim 11-46 comprising a) FHA, b) pertussis 
toxin and c) TcfA or a protein sharing at least 70, 80, 90, 95, 97, 98, 99 or 100% 
identity with SEQ ID 36, or an antigenic fragment thereof, preferably fiulho: 
comprising d) pertactin. 

48. The immunogenic composition of claim 1 1-47 comprising a) FHA, b) pertussis 
toxin and c) adCT.ylate cyclase, or an antigenic fragment thereof, preferably ftirther 
comprising d) pertactin. 

49. The^immunogenic composition of claim 11-48 comprising a) FHA, b) pertussis 
toxin^and-c) Type III ss or an antigenic fragmeit thereof, preferably fiuiher 
comprising d) pertactin. 

50. The-inmiunogenic compoation of claims 1-49 for the prevention or treatment of 
Bordetella pertussis infection. 
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SL The ininumogenic composition of claims 1-50 for the prevention or treatment of 
Bordetella parapertussis infection. 

52. The immunogenic composition of claims 1-51 for tiie prevention or treatment of 
Bordetella bronchiseptica infection. 

53. The immunogenic composition of claims 1-52 comprising a polypeptide that is 
expressed during the Bvg+ early phase of Bordetella infectioi;!. 

54. The immunogenic composition of claims 1-53 comprising a polypeptide that is 
caressed during the Bvgf late phase of Bordetella infection. 

55. The hnmunogenic composition of clainois 1-54 comprising a polypeptide that is 
expressed during the Bvgi phase of Bordetella infection. 

56. The immunogenic composition of claims 1-55 comprising an antigen that is 
expressed during the Bvg- phase of Bordetella infection. 

57. The inmiunogenic composition of claims 1-56, further comprising diphtheria toxoid 
and tetanus toxoid. 

58. The immunogenic composition of claim 1-57 further comprising PRP capsular 
oligosaccharide or polysaccharide from Haemophilus influenzae b, preferably 
conjugated to a source of T-cell epitopes. 

59. The immunogenic composition of claim 1-58 further comprising HbsAg. 

60. The immunogenic composition of daim 1-59 further comprising IPV. 
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61. The iixununogCTic composition of claim 1-60 further comprising one or more of 
Men A, C, W or Y capsular polysaccharides or oligosaccharides, preferably 
conjugated to a source of T-cell epitopes. 

5 62. The immmiogenic composition of claims 1-61 further comprising a protein ftom N. 
meningitidis serogroup B. 

63. The immunogenic composition of claim 1-62 further comprising one or more 
c^sular polysaccharides or oligosaccharides from S. pneumoniae^ preferably 

10 conjugated to a source of T-cell epitopes. 

64. The immunogenic composition of claim 1-63 further comprising killed attenuated 
Hepatitis A virus. 

15 65. A vaccine comprising the immunogenic composition of claim 1-64 and an adjuvant 

66. Use of the immunogenic composition of claims 1-64 in the preparation of a 

medicament for use in generating an immune response against Bordetella infection 

20 67. The use of claim 66 in the preparation of a medicamrat for use in the treatment or 
prevention of both B. pertussis and B. parapertussis infection. 

68. A method for treating or prevrating Bordetella infection comprising administering 
the vaccine of claim 65 to a host. 

25 

69, The method of claim 68 in which both B. pertussis and B. parapertussis infection is 
treated or prevented. 
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ABSTRACT OF THE DISCLOSURE 

The invention provides BASB232 polypeptides and. polynucleotides encoding BASB232 
5 polypeptides and methods for producing such polypeptides by recombinant techniques. 
Also provided are diagnostic, prophylactic and then^eutic uses. The invention furdier 
provides immunogenic con^sitions comprising a plurality of antigens selected from at 
least two different categories of antigen, having different fimctions within Bordetellai 
Examples of such categories of antigen are autotransporter proteins, iron acquisition 
10 proteins, lipoproteins, adhesins and toxins/invasins. 
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